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Meaure Lightning 


Magnetic link of special high- 


retentivity steel 


l HIS is the simplest, easiest, 


and least expensive method yet devised 
for making a survey of lightning currents 
passing through transmission towers or 
through protective devices. 


A dozen operating companies have 
proved that the knowledge gained by its 
use has shown where improvements 
could be made. 


THE EQUIPMENT, 


AND HOW IT WORKS 


Two magnetic links, made of specially 
prepared and calibrated high-retentivity 
steel, are mounted by means of special 
brackets on the leg of a transmission 
tower, or other locations where surge 


When a 


surge, caused by lightning, passes through 


currents are to be measured. 
the tower leg, the links are magnetized. 
With a special indicator, a lineman can 
quickly determine which links have been 


magnetized. 


These he sends to the laboratory, 


where they are calibrated on a special 


instrument, known as the surge-crest 
ammeter. In this way an accurate 


the 
obtained. The links are then demagne- 


surge current is 


measurement of 


tized and used again. 


Because of the low cost of the small 
links, an entire transmission line can be 
equipped at a reasonable expenditure. 

General Electric can furnish the com- 
plete equipment—lIinks, brackets, shields, 
surge-crest ammeter, and the other acces- 


sories. For further information, see Bul- 
letin GEA-1943. 


OTHER G-E EQUIPMENT FOR 
MEASURING LIGHTNING SURGES 


Automatic, high-speed  oscillo- 
graph, which begins to record 
in one-half cycle 


Cathode-ray oscillograph 


Surge-voltage recorder—with 
either stationary or movable 
film 


Surge indicator 
Lightning-severity meter 


Lightning-stroke recorder 


this NEW, Easy Way 


Simple equipment enables - 
you to find where lightning 
_ hits your lines and the mag-_ 
nitude of the stroke 


Surge-crest ammeter 


THE SURGE-CREST AMMETER 


When a magnetized link is placed in 
the troughlike receptacle on the front 
panel, the meter gives the crest value of 
current and its polarity. From such 
measurements on the two links the 
amount of oscillation of the current can 
also be determined. 


OTHER EQUIPMENTS 


General Electric has long been a pioneer in 
lightning research. In its high-voltage and research 
laboratories in Pittsfield and Schenectady, ex- 
periments are continually being carried on to 
develop equipment that will enable power com- 
panies to protect their lines against lightning. 


Much work has been done in the field of 
measurement, and some of the equipment that 
G.E. can now offer is listed in the box at the left. 


For complete information about any of 
this apparatus, address the nearest G-E 
sales office or General Electric, Dept. 
6C-201, Schenectady, N. Y. 


430-49 
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The Great Fall of Taughannock 


This gorge, in Taughannock State Park, is about 
11 miles from Cornell University, Ithaca, N. Y. The 
top of the fall is 215 feet above the man shown 
standing on the rocks at the right. The Institute's 
51st annual summer convention will be held on the 


campus of Cornell University, June 24-98, 1935. 


Wirn a dam reaching more than 1/10 mile 
above the natural water level of the river 
and more than '/, mile long at the crest, the 
combination flood control, water conserva- 
tion, and power development on the Colo- 
rado River known as the Boulder Canyon 
Project represents one of the outstanding 
engineering achievements of its kind. The 
reservoir will be 115 miles long and will 
have a capacity of 380,500,000 acre-feet. 
The power plant, half of which is in Arizona 
and half in Nevada, ultimately will contain 
17 main generating units with a total ca- 
pacity of 1,317,500 kva; initially 5 units will 
be installed with a total capacity of 370,000 
kva. Power will be transmitted to several 
municipal and privately owned power sys- 
tems over specially built lines. A brief re- 
view of historical facts leading up to the 
project appeared in the April 1935 issue 
(pages 361-5). Engineering features of the 
2 275 kv lines that will transmit power to 
the City of Los Angeles, Calif., are discussed 
in this issue (pages 494-512); circuit break- 
ers of the impulse type developed especially 
for this line were described in the April issue 
(pages 366-72). A paper on the engineering 
features of the dam and power house is 
scheduled for publication in the June issue, 
and one outlining the method by which sag 
and tension calculations were carried out in 
designing the several steep transmission line 
spans between the plant and the canyon rim 
is scheduled for early publication. A group 
of pictures depicting various phases of the 
project during the constructional period is 
included in this issue (page 567). 


Economy is one of the features stressed 
in making arrangements for the Institute’s 
51st annual summer convention to be held 
on the campus of Cornell University, Ithaca, 
N. Y., June 24-28, 1935. In addition to the 
low priced college dormitories and cafeteria, 
the customary hotel accommodations are 
available to those who wish them. It has 
been termed ‘‘a summer convention for the 
entire Institute.’ The technical program 
is extensive; discussion conferences, a new 
feature, have been scheduled; and attrac- 
tive entertainment features are made pos- 
sible by the location chosen. pages 560-4 


InpucTion motors come in for their 
share of attention in this issue, one of’ the 
papers presenting a general method of 
mathematic analysis of induction motor 
phenomena, giving special attention to 
short-circuit problems (pages 526-9); and 
the other considers d-c braking of induction 
motors, outlining the fundamental prin- 
ciples involves in this method, and pre- 
senting a simple means of calculating the 
current and wattage necessary pages 488-93 


In calculations on synchronous machines, 
various types of reactances are used. Mag- 
netic saturation in the machine is shown to 
have an effect on the values which should be 
used for these reactances, and saturation 
factors for the more important constants 
used in transient and unbalanced load condi- 
tions, based upon actual short-circuit tests 
on a large number of machines, have been 
made available in curve form. pages 
545-50 


Durinc the last 30 years, the use of elec- 
tric power equipment in steel plants has 
increased rapidly. Extensive installations 
of power generation and distribution equip- 
ment have been made in steel plants, and 
many large sized generating units are used. 
Electric motors were applied first to auxilia- 
ries, but are now used also for main mill 
drives; synchronous motors and d-c motors 
largely have superseded induction motors for 
this purpose. pages 481-5 


Tue satisfactory charging of storage 
batteries requires a knowledge of the proper 
rate at which to charge a battery, and the 
determination of the proper point at which 
to stop the charge. Observation of gas 
evolution, acid concentration, heating, and 
‘Jocal action’? may be used to determine 
proper methods of charging. Automatic as 
well as manual control may be used in 
several different charging schemes. pages 
516-25 


Time - TEMPERATURE tests fre- 
quently provide a convenient method of 
measuring losses in electrical machines. 
The method, although most frequently used 
in connection with turbine generators, can 
be applied to practically all types of elec- 
trical apparatus. These losses are deter- 
mined from the initial slope of the time- 
temperature curve immediately after a load 
is thrown off. pages 512-5 


Wirn cheaper capacitors available, an 
induction generator with capacitive excita- 
tion, which has load-voltage characteristics 
similar to those of a d-c shunt wound ma- 
chine, offers attractive possibilities. Re- 
cent tests show that such a machine may be 
operated independently at a predetermined 
voltage and frequency with good wave form. 
pages 540-5 


THerMar expansion of a liquid in a 
closed system actuates the mechanism in an 
improved electrothermic instrument for 
measuring various electrical quantities. 
It is not subject to the errors inherent in bi- 
metallic strip instruments, and it has a 
linear input-deflection characteristic. pages 
474-81 


By means of stroboscopic light of great 
instantaneous intensity and a moving-film 
camera the power angle of a synchronous 
machine can be recorded directly. This 
method was developed particularly for 
studying the transient performance of 
machines during system disturbances. 
pages 485-8 


Tue Engineers’ Council for Professional 
Development recently published its second 
annual report, outlining past accomplish- 
ments and plans for the future with regard 
to student guidance, accrediting of schools, 
professional training, and improvement in 
professional status of the engineer. pages 
568-9 


Transmission engineers may find 
useful a set of hyperbolic function charts 
covering line lengths from 0 to 290 miles 
(for 60 cycle lines). pages 550-4 
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Engineering Education Needs a “Second Mile” 


OW can industry be 
supplied with trained 
man power adequate 

for -its producing, dis- 

tributing, and service func- 

tions, and the engineering 

profession advance to a 

properly restricted and se- 

lective status? Can the 

same machinery of recruit- 

ment and education serve 

both ends? The occasion 

for a discussion of these 

questions arises from an in- 

creasingly urgent campaign 

not only to restrict by law 

the practice of engineering, 

but also to reduce the num- 

ber of future applicants for 

this privilege by limiting 

admissions to engineering 

colleges. The avowed aim) 
of this campaign is wholly 
praiseworthy—to safeguard 
the professional and eco- 

nomic position of the engi- 

neer and to advance his 
claim to the esteem and 

confidence of the public. The licensing of engineers is 
already an accomplished fact in a majority of states 
and presumably soon will prevail in all. For the pres- 
ent, at least, this issue has passed out of the realm of 
argument. The campaign for restriction of college 
enrollments is only beginning. 

Appealing to the law of supply and demand, as the 
key to social and economic status, the advocates of 
restriction clearly imply that the open doors of the 
colleges are a direct menace to the profession. The 
argument is supported by assuming a close patallel 
between engineering and certain other professions. 
In my opinion the parallel is not valid, and a policy of 
purely numerical restriction applied at college doors 
is short-sighted, narrow in perspective, and likely to 
injure the engineering profession in the long run, 
whatever the immediate benefits to a minority. 

In the present emergency every profession is seek- 
ing to make its status more secure. The threat or 
reality of unemployment, the stress of competition, 
the spur of ambition, the advance of knowledge, the 
growth of specialization, the universal sense of social 
insecurity—all contribute to this concern. Teachers, 
librarians, social workers, personnel executives, and 
secretaries of welfare organizations, whose place in 
the professional hierarchy never has been too secure, 
exhibit this concern in fairly acute degree, and older 
and more traditional groups but little less so. The 
medical profession, firmly entrenched in its legal 
privileges, secure in its restriction of numbers, and 


$$ 
i “Scienti ion—What Is 

* One of 4 addresses delivered at a forum on Scientific Education 

Wrong With It?” held by the New York Electrical Society, New York, N. Y., 


March 29, 1935. 
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By WILLIAM E. WICKENDEN, Member A.I.E.E. 


Case School of Applied Science, Cleveland, Ohio 


The demand for strictly professional engi- 
neering service will diminish in volume but 
will rise sharply in its qualitative standards, 
while the demand for quasi-professional 
services will increase markedly. This is 
one of the opinions voiced by Doctor 
Wickenden in a recent address,* full text 
of which is presented herewith. 
to prepare men to furnish these services 
most effectively, he concludes that their 
education should consist of a common 
matrix of 3 years, with a terminal year for 
men who purpose to enter the general 
service field, and a longer period of more 
profound and generalized scientific studies 
for those who aspire to the professional 
field—not a separate route for the purely 
professional engineer, but a ‘second mile." 


high in prestige as a result 
of brilliant technical prog- 
ress, has become the stand- 
ard by which every other 
group measures its position. 
The strict limitation of 
admissions, applied at the 
doors of medical schools 
has contributed so conspicu- 
ously to the welfare of the 
medical profession that now 
many engineers are tempted 
to pay the tribute of imita- 
tion. Weare reminded that 
in 1906 there were 162 ap- 
proved medical colleges in 
the United States, while in 
1930 there were only 76; 
that in 1905, there were 26,- 
147 medical students, while 
in 1920 there were but 13,- 
798; that in 1905, the medi- 
cal schools turned out 5,606 
graduates, but that by 1919 
this number had been re- 
duced by more than half, to 
2,656; and that in 1904, 
4,700 physicians were added 
to the profession, while in 1918 the new admissions 
had fallen to 2,975. I do not question these figures, 
they are presumably accurate; I do not question the 
benefits conferred upon both the medical profession 
and the public. What I question is the intimation 
that the engineering profession should have done like- 
wise. 

The contrasts in status and function between the 
engineer and the physician are so great that the sup- 
posed parallel is without validity. Medicine, as 
everyone knows, is one of a group of professions that 
serves individuals in personal emergencies. The inci- 
dence of these emergencies in a population living on a 
given social level is quite well known and determines 
the number of persons a single physician can serve 
effectively. Inevitable inequalities in distribution 
and service must be allowed for, but an optimum 
quota, or ratio of physicians to population is easy to 
establish. An increase in physicians beyond this 
quota does not insure superior service nor does it con- 
tribute to medical progress; on the contrary, it 
merely multiplies the temptations to exploit human 
ignorance and frailty, on the plea that surplus prac- 
titioners must live, somehow. Competition may be 
the life of trade, but it is the death of good medical 
care. Furthermore, medicine is a sharply bounded 
calling from which few men are called by choice or 
circumstance to other careers; nor are there any easy 
gradations of authority to keep a career open to tal- 
ents. Every French private, according to Napoleon, 
carried a marshall’s baton in his knapsack, but no 
hospital orderly is permitted the illusion that he may 
somehow rise to rank of chief surgeon. 


In order 
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Merely to state these facts stiffices to make clear the - 


contrast between medicine and engineering. Engi- 
neers seldom serve individuals, nor is their concern 
the relief of personal emergencies; instead they serve 
society through its corporate agencies and in its con- 
structive enterprises. No statistician can state the 
incidence of these constructive needs; their number 
is not limited inherently, nor does engineering progress 
tend to restrict or eliminate them, as medical progress 
aims to banish disease. Rather, all engineering prog- 
ress tends to widen the domain of engineering. No 
one can set an optimum quota of engineers for a given 
population nor prove that a sharp restriction of their 
numbers is necessary for public welfare and safety. 
To have fewer engineers does not necessarily imply 
better engineers, so long as their work lies principally 
in areas of competitive enterprise. 

Technical progress in engineering apparently is 
little affected by over-crowding, except as the “horse 
sense’ of one generation is unable to compete suc- 
cessfully with the science of the next. This condi- 
tion was easily observable during the past decade 
in Germany, where a surplus of nearly 200,000 in 
the technical professions is reported to have been 
built up, as young men fresh from the universities 
rapidly were absorbed at the bottom and older men 
who had not kept abreast of their professions gradu- 
ally were crowded out. To create and protect a 
partial monopoly for these men would have been in 
their personal interest, but not in the interest of 
scientific advance. 


ENGINEERING NoT A CASTE 


The relation a profession bears to associated 
groups is especially pertinent to this matter of re- 
striction. The profession of medicine is by law and 
tradition a caste; sharp, closed boundaries separate 
it from all other groups that touch on its functions. 
The profession of engineering is not a caste, but a 
vaguely bounded nucleus within a large body of 
technical workers. No wall separates them as.a 
membrane divides the yolk from the white of an 
egg. The gradations of function are imperceptible. 
The professional nucleus continuously is drawing 


into itself much of the superior talent in the outer 


mass, on the one hand, and on the other continu- 
ously sending out men into almost purely executive 
functions. Close these free paths of interchange 
between professional, executive, commercial,’ and 
producing groups, and in my opinion, the engineer- 
ing profession quickly will sterilize itself. 
Technical education, in its broader sense, conceiv- 
ably might be overdone, but actually it never has 
been. Who is competent to fix an arbitrary limit to 
those who should be trained to use Stephen Van 
Rensselaer’s historic phrase, “in the application of 
science to the common purposes of life’? In America, 
at least, we certainly have not overdone educa- 
tion in applied science. At the highest estimate, 
less than 1/; of the posts in industry that could be 
filled with gain to society by persons who had com- 
pleted a substantial scientific or technological educa- 
tion, have been so filled under normal business con- 
ditions. If we were to go one step further down in 
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the scale of organization and include in our estimate 
the higher levels of foremanship as well as the general 
planning and supervisory forces, the potential out- 
let in industry for technical education would be 
doubled or trebled. 

This brings us to the heart of our problem. What 
relations should exist between these general service 
needs of industry and the selection and training of 
the inner nucleus of professional engineers? Should 
separate provision be made for each, or should one 
be an outgrowth and extension of the other? All 
engineers desire to see the inner professional body 
advance in public esteem and influence, and to see 
it enjoy sufficient security and compensation to at- 
tract men of high talent and character. This inner 
body, we recognize, is not coexistent with any ex- 
isting organization. Probably some more exact 
and advanced code of educational qualifications 
should be its chief distinguishing feature, since the 
gradations from professional to executive and com- 
mercial functions are so imperceptible. Merely to 
distinguish between publicly licensed engineers and 
others is not enough—a true profession is still too 
much a thing of the spirit. 


Two Types OF TECHNOLOGICAL EDUCATION? 


Returning now to ways and means of education, 
why not separate ‘higher technological education 
into 2 quite distinct compartments? In one, train 
men for purely professional work as engineers; in 
the other, provide training of a more elastic character 
for the general service needs of industry? Whatever 
the abstract merits of the idea, the practical difficul- 
ties of ‘converting the existing educational ma- 
chinery ‘to this dual function are fairly forbidding. 
The experience of such engineering colleges as have 
sought to become professional schoolsin this strictest 
sense is not reassuring. Enrollments have fallen, 
costs have risen, and the problem of maintaining a 
sufficient ‘scope and volume of work to support an 
adequate specialized faculty has become acute. 
However, is the idéa of segregation sound in prin- 
ciple? How is'a young man to determine in ad- 
varice whether he belotigs in the proféssional nucleus 


of ‘éngineering ‘or in its general service :functions?: 


Will he fitid it out by ‘prolonging his preliminary 
education in an arts college?) Can any vocational 
counselor or tester make the choice for hini? Would 
employers of engineers respect it? I doubt it. 

Supposing the segregation could be made, however, 
would it be beneficial to future professional engineers 
to train them as a caste apart? Is not the presence 
in industry of a great body of scientifically intelligent 
and technically competent men an essential condi- 
tion on which the purest of professional engineers 
must rely for the execution of his plans and schedules? 
Must not these 2 groups speak the same language, 
or understand each other sympathetically? Would 
a caste system of education work to that end? Can 
the division of functions come through any other 
process than natural selection at a mature age? 

I suspect that those who are intent on restriction 
and exclusion as means of raising the professional 
Status of engineering are tempted by narrow self- 
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interest to forget what the nation has at stake in 
maintaining the numerical strength of the great 
-quasi-professional body of those who now call them- 
selves engineers. In the struggle for industrial su- 
premacy, as in war, victory is likely to be on the side 
_ of the heaviest battalions. A lack in the professional 
nucleus can be compensated for in large part, as we 
have done in America, by importing highly trained 
men from abroad and by drafting men from the 
tealm of pure science; but a deficit in the quasi- 
professional group in service functions cannot be 
met by improvisation, as Russia has learned to her 
regret. Each year sees American engineering grow 
more self-sufficient. With present standards of ad- 
vanced training we are virtually free from the need 
of importing talent. Fortunately, we remain free 
from the fetters of caste. We still 
are able to assimilate the research 
scientist, to upgrade men from the 
ranks, and to match ingenuity in 
invention, adaptation, and produc- 
tion with refinement in design. ! 
The best evidence available seems 
to indicate that the total demands 
on technological schools of all levels 
will. continue to increase, though 
possibly the rate of increase will 
diminish. More young people will 
want, this type of education and 
industry will continue the process 
of,, upgrading its general service 
forces by recruits from engineering : 
colleges. In predicting future de- 
mands from past, 3 controlling in- 
fluences that have been dominant 
in the last half century deserve 
critical attention: (1) the building 
up from rudimentary levels of a 
vast system of mineral production, 
‘manufacturing, transportation, and communication; 
(2) the rapid. growth of urban population and the 
resulting development of public works; and (3) the 
progressive replacement of an older géenération of 
self-trained engineers. by younger men of better 
Scientific education. The coincidence. of. these 
forces in recent decades is reflected.in the age 
distribution of our present body ‘of engineers, with 
a concentration above normal between the ages of 
25\and 45. 
The: pace of sheer expansion in industry, urban 
development, and population almost certainly is di- 
-minishing. Replacement demand, pure and simple, 
is likely to be relatively small for 2 decades to come. 
We appear to have passed for a time beyond the 
era of original plant construction and to have en- 
tered upon a stage of progressive refinement. When 
all the controlling factors are considered, it seems 
safe to estimate that the demand for strictly pro- 
fessional engineering service will diminish in volume, 
but will rise sharply in its qualitative standards. 
However, the demand for quasi-professional business 
activity in producing, distributing, and adapting 
technical goods and services may be expected to in- 
crease markedly. 
While an actual division of the field of engineering 


May 1935 


Doctor Wickenden. 


education between 2 types of colleges is seemingly 
impossible, it must be admitted that we are actually 
at the limit of our ability to accommodate a single 
educational program to both our professional and our 
general service objectives. A 4 year. undergraduate 
course rapidly is becoming totally inadequate as 
preparation for engineering service of a high pro- 
fessional type, yet it remains for the present a rea- 
sonably adequate basis for the great body of service 
activities for which young engineers are in active 
demand. It is, in fact, as advanced a type of edu- 
cation as industry and business in general are now 
able to capitalize. Furthermore, it approaches 
close to the saturation point for the great body of en- 
gineering students. A 5 or 6 year course for all stu- 
dents seems not only unwarranted and unwise, but 
highly desirable for a considerable 
minority, and virtually imperative 
for a selected few. 

What the American engineering 
college offers its’ undergraduate 
students is more properly called 
functional rather than professional 
education. Judged by this stand- 
ard it probably is not surpassed 
in its effectiveness by any other 
undergraduate program. Its inade- 
quacy as a professional discipline 
is scarcely open to question. In 
the present state of training and’ 
guidance, it seems inevitable that 
much of the process of selection 
between professional and general 
service objectives must fall 
within the college period rather 
than precede it. A common ma- 
trix of 3 years, as broadly hu- 
manistic and scientific as possible 

; and only moderately differentiated 
between the major branches of engineering, should 
suffice for this'phase of preliminary selection. ~ For 
men who purpose td enter the general service field, 
a terminal year, about equally divided between 
business subjects and some major technical division 
of engineering’may be provided, while those who as- 
pire to the professional ‘field may pass at this point 
into a longer period of more profound and generalized 
scientific Studies, with adequate attention to the 
techniques and problems of research, design, and ap- 
plication and with due consideration of professional 
relations and ethics. ; 

In a word, my ideal of professional education for 
engineers is not a separate route, but a second mile. 
In setting qualifying standards for the latter stage, 
all socially needful restrictions may be applied. The 
profession may sit as judge of standards and objec- 
tives without putting the colleges into a straight 
jacket. The Engineers’ Council for Professional 
Development is adapted admirably to this function. 
In time, the standards of attainment it may set for 
full professional recognition may make public licen- 
sure of relatively nominal significance. Meanwhile 
the solidarity of the greater engineering fraternity 
may be preserved for the ideals of democracy and the 
larger service to our common life. 
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An Improved 


Electrothermic Instrument _,, 


An improved electrothermic instrument for 
measuring watts, amperes, or volt-amperes, 
actuated by the thermal expansion of a 
liquid in a closed system which includes 
a Bourdon tube, is described in this paper. 
The new instrument is not subject to the 
errors inherent in the bimetallic strip type 
of electrothermic instrument, it has a linear 
input-deflection characteristic, and its time 
period may be adjusted readily to any 
desired value up to at least 60 minutes. 


I. 1915 the writer contributed a paper! 
to the A.I.E.E. describing a method of measuring 
watts, amperes, and volt-amperes by electrothermic 
methods. In 1918, a second paper? was contributed 
setting forth in some detail the characteristics of a 
wattmeter built according to the principles set 
forth in the 1915 paper. The electrothermic de- 
mand meter described in the writer’s 1918 paper was 
introduced into Canada a year later, where it now is 
widely used. It was not introduced into the United 
States until 1928. In 1929 a third paper*® was con- 
tributed describing how the principles enunciated 
in 1915 could be applied to the totalizing of system 
loads so that load measurements at widely separated 
points on an electric system might be added auto- 
matically and indicated or recorded at one central 
point. It is the object of this paper to describe 
still further developments of the principles enunci- 
ated in the 1915 paper. These developments have 
led to an improvement in the electrothermic instru- 
ment, based primarily upon securing a first-power law 
for the heat loss that necessarily takes place in any 
instrument of this type. This first-power law for 
heat loss is responsible for an accuracy of measure- 
ment that is utterly unattainable with the present 
construction. 


SHORTCOMINGS OF BIMETALLIC STRIP INSTRUMENT 


The electrothermic instrument as now built is de- 
scribed fully in the writer’s 1918 paper already re- 
ferred to, and no further description is incorporated 
in this paper. There are certain shortcomings in 
the device as now built of which the writer long 
has been aware. There are 4 deficiencies in the 


A paper recommended for publication by the A.I.E.E. committee on instru- 
ments and measurements, and scheduled for discussion at the A.I.E.E. summer 
convention, Ithaca, N. Y., June 24-28, 1935. Manuscript submitted June 27, 
1934; released for publication March 8, 1935 
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present construction which the writer has been en- 
deavoring to eliminate for many years and which 
the construction described later in this paper does 
eliminate. These are: temperature error, power 
factor error, lack of scale uniformity, and lack of | 
torque in the moving element. es 

While the temperature error of the existing bi- 
metallic strip instrument is within the meter code 
requirements, there is nevertheless an appreciable 
temperature error. Means for correcting the tem- 
perature error in the existing construction are now 
available. This correcting means, however, is 
aimed at the symptom and not the cause. The new 
construction described in this paper eliminates the - 
cause. 

The reason for this temperature error is not hard 
to find. As is well known, a hot body may lose its 
heat in 3 ways: by radiation, by convection, and 
by conduction. Each of these methods of heat 
dissipation follows a different law. Radiation fol- 
lows the well-known Stefan-Boltzman law. In 
figure 1 may be found the mathematical expression 
for this law and a graphical presentation of the 
losses per square centimeter for the 3 ambient tem- 


Loss by radiation is 
defined by the Stefan- 
Boltzman law: 
J = 3.00 X 
10712 4 — To4) 
in which 
J = watts loss per 
square centimeter 
Ti = absolute tem- 
perature of hot body 
T2= absolute ambient 
temperature 
Watts loss by con- 
vection is defined 
by the theoretical 
Rice formula: W.= 
0.00066 40=* 


Taveo128 


TEMPERATURE RISE , DEGREES CENTIGRADE 


in which 

We = watts loss per 
square centimeter 
At = temperature rise 
of hot body 
ave = absolute 
temperature (aver- 
age) of hot bady 
and ambient air 


0 002 
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WATTS LOSS PER SQUARE CENTIMETER 


Fig. 1. Watts loss by radiation and 
convection per unit area of a body 


peratures, —40, 0, and +40 degrees centigrade. The 
differences in the radiation loss at different ambient 
temperatures account for most of the temperature 
error in the existing bimetallic strip typeofinstrument. 

When the instrument was first manufactured, it 
was hoped that this variation in radiation loss with 
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- ambient temperature could be made negligible by 
using polished surfaces for the parts where heat was 
dissipated, but it was found that the permanence of 
a polished surface could not be depended upon. For 
“black body” radiation the constant in the Stefan- 
Boltzman law given in figure 1 is 5.75 xX 107! 
(not 3 X 10~! as there given), and it was found that 
permanence could not be depended upon for values 
of this constant less than about 3 X 107!%. Per- 
manence for radiation losses cannot be assured with 
a smaller value of this constant. 

In the matter of heat loss by convection, the best 
data available at the time of the preparation of the 
writer’s 1915 paper indicated that this loss was di- 
rectly proportional to the temperature rise of the 
hot body above the ambient air. Since that time 
much new light has been shed on convection losses. 
Probably the most authoritative information now 
available is the work of Chester W. Rice reported‘ 
in 1924. According to his findings, convection loss 
varies not with the first power of the temperature 
_ rise of the hot body, but with the 1.25 power; it 
also varies very gradually with the ambient tempera- 
ture (see theoretical Rice formula in the subcaption 
of figure 1). Figure 1 gives a curve showing the 
convection loss per square centimeter from a small 
cylinder calculated from the data given in the Rice 
paper. This curve is calculated for an ambient 
temperature of 0 degrees centigrade; the ambient 
temperature may depart from this assumed value by 
some 40 or 50 degrees in either direction without 
. changing the resultant convection losses by more than 
2 or 3 per cent. Figure 1 shows also the total losses 


“am Fig. 2. Total- 
{1} loss curve for 
| [| ambient tempera- 
uy | | | ture of zero de- 
= pape grees centigrade 
2 | of figure 1; 
es Share points A to G in- 
e het a dicate differential 
6 HHH wattages corre- 
ea : 
ae rT] sponding to data 
Fd el in table | 
> eB) 
<= 
gi <8 
: Http 88g 
. OE ae 
A 50 0.95 
B 100 0.50 
G 50 0:50 
D 500.75 
0 : E 50 1.00 
0 002 004 006 008 010 O12 0.4 F 100 075 
WATTS LOSS PER SQUARE CENTIMETER G5 100-5 1.00 


of heat from a hot body resulting from convection 
and radiation combined; that is, to the convection 
loss values are added the corresponding values of the 
radiation loss giving 3 resultant total loss curves 
for the 3 ambient temperatures, —40, 0, and +40 
degrees centigrade. 

In the matter of heat loss by conduction, this 
follows strictly a first-power law. If the heat flow 
takes place through copper, as it does in an electric 
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meter, there is the advantage of a very low tempera- 
ture coefficient for thermal conductivity (—0.013 
per cent per degree centigrade). 

In the writer’s 1915 paper it was proved that the 
instantaneous temperature difference between 2 
similar bodies A and B when heated electrically 
by the methods described in that paper is given by 
the expression: 


ith ( Gate) 

Op — Ox in () Bee ae 

1 SER Me (1) 
where 

6; = instantaneous temperaure of A above ambient temperature 
62 = instantaneous temperature of B above ambient temperature 
H, = rate in gram-calories per second at which heat is applied to A 
Hy, = rate in gram-calories per second at which heat is applied to B 
Q = thermal conductivity of thermal shunt in gram-calories per 


second per degree centigrade temperature difference 

heat emissivity of A or B in gram-calories per second per 
degrees centigrade per square centimeter of surface (similar) 
surface area in square centimeters of A or B (similar) 
amount of heat in gram-calories stored in A or B per degree 
centigrade of temperature rise (similar) 

time after beginning heat application, in seconds 

base of Napierian logarithms = 2.718+ 
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It might be pointed out further that equation 1 
was derived on the assumption that all heat losses 
were first-power functions of temperature. It was 
proved further that with the arrangement of cir- 
cuit as shown in that paper, the quantity H,—H; 
is always proportional to watts, independent of 
power factor and wave form. It was recognized 
at the time of presentation of the 1915 paper that if 
radiation were permitted to become an appreciable 
factor, some error would result; but it was believed 
that radiation could be made negligible by proper 
treatment of the surfaces of the heat radiating parts 
of the instrument. This hope was not realized. It 
was further believed in 1915 that convection loss 
from a hot body was a first-power function and it 
was not until Rice presented his classical paper in 
1924 that this belief also was dissipated. In this 
connection, it is interesting to note that Rice him- 
self in a preliminary paper presented in 1923 still 
held at that time to the first-power law for con- 
vection loss. 


CAUSES OF TEMPERATURE 
AND POWER FACTOR ERRORS 


In the light of this new information, the results 
of which are presented graphically in the curves of 
figure 1, a very casual analysis shows the reasons 
for both the temperature and power factor errors of 
the electrothermic instruments as previously built. 
It is obvious at once from an inspection of the curves 
of figure 1 that a given differential wattage applica- 
tion to the 2 elements of the instrument will not 
cause the same differential temperature, but that this 
differential temperature itself will vary with ambient 
temperature. For instance (see figure 1) 0.05 watts 
per square centimeter will cause a 39.5 degree 
temperature rise when the environment temperature 
is +40 degrees and a 47.0 degree temperature rise 
when the ambient temperature is —40 degrees. 
This is a difference of approximately 16.0 per cent 
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Table I—Watts Applied to the 2 Elements of an Electrothermic Wattmeter for 2 Values of Circulating Current 


1.00 Power Factor 


aQ 
oa 
=) 
> 
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Circulating 


I 
Current 2 


Load 2 a? b? 


0.75 Power Factor 


....0.2500....0.2500....0.0 


0.50 Power Factor 0.25 Power Factor 


I I 
be? wo a? b? 2 a? b2 
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Watts loss in meter element A proportional to a?; in element B, b’. 


for an 80 degree temperature change or approxi- 
mately 0.2 per cent per degree centigrade. The 
temperature error thus calculated agrees closely 
with that observed. The method proposed for 
eliminating this radiation error is indicated by the 
construction shown in figures 4 and 6 and is dis- 
cussed further later in this paper. 

The source of the power factor error also is ob- 
vious from the foregoing analysis. The reason for 
this error is that the watts loss versus temperature 
rise relation is not linear. It might be pointed out 
further that the observed power factor error is 
essentially a temperature error. By reference to 
table I, it may be noted that while the differential 
watts applied to the 2 heaters of the electrothermic 
instrument is always proportional to watts and in- 
dependent of voltage, frequency, wave form, and 
power factor, the actual watts applied to each heater 
increases as the power factor departs from unity 
whether lagging or leading. 

In order to determine the order of the power fac- 
tor error in the electrothermic instrument, the total- 
loss curve for an ambient temperature of 0 degrees 
centigrade of figure 1 is reproduced in figure 2. 
On this curve are indicated the positions of the 
differential wattages corresponding to various loads 
and power factors. These differential watts are 
taken from table I on the assumption that the 
differential watts per square centimeter at 50 per 
cent load are 0.02 and at 100 per cent load 0.04. 
From this analysis it is obvious that the power 
factor error is well within the meter code limits at 
the loads and power factors specified in the code. 
However, as heavier loads are applied at lower 
power factors, the error rapidly becomes greater. 
For instance, the theoretical error, as determined 
by the foregoing method of analysis, at full load and 
0:5 power factor (double full load current at unity 
power factor) is of the order of 20 per cent. The 
actual error under test is only about 4 per cent. 
Most of this theoretical error is eliminated by 
properly proportioning the meter scale, that is, by 
contracting it at the upper end. It is evident there- 
fore from the foregoing analysis that the power 
factor error in the electrothermic instrument is 
caused by the departure of the watts versus tempera- 
ture rise curve from a straight line. 

A comparatively large circulating current in the 
electrothermic instrument is desirable. Table I 
shows the watts that will be applied (and therefore 
the approximate temperature rise) to the 2 elements 
of an electrothermic wattmeter when the circulating 
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current is 50 per cent of the unity power-factor full- 
load current, and also when the circulating current is 
125 per cent of the unity:power-factor full-load cur- 
rent. It is obvious that the ‘‘spread’”’ between the 
maximum and minimum temperatures attained by 
the elements of the instrument under conditions of 
load and power factor met in practice is lower when 
using the larger circulating current. 


EARLY EXPERIMENTS TO ELIMINATE ERRORS 


Once having determined the cause of an error, 
means for its elimination begin to suggest them- 
selves. It may be of interest to describe a few of the 
earlier attempts to eliminate the errors observed in 
the electrothermic instrument and thereby to show 
how continued investigation and experiment finally 
led to the complete solution described in this paper. 

As soon as it was realized that radiation losses 
could not be made negligible in an instrument in 
which permanence is essential, it was realized also 
that radiation losses would introduce a curvature 
into the watts versus temperature rise curve; that 
is, that there is an inherent curvature in the curve 
representing the relationship as defined by the Stefan- 
Boltzmann law. The first modification in structure 
that was considered was a return to the metal 
diaphragm construction described in the writer’s 
1915 paper. The reason for this was that this con- 
struction would permit the use of liquid expansion 
for the heat responding elements of the instrument 
instead of the bimetallic strips that actually have 
been used and as described in the writer’s 1918 
paper. The bimetallic strip has practically a straight 
line response to temperature variation; that is, ithe 
deflection (or the torque, if deflection be restrained) 
is directly proportional to temperature. However, 
if a liquid be used as the heat responding element, 
it is possible to select a liquid that has a rising 
characteristic and thereby ‘compensate, at least 
partially, for the falling characteristic in the watts 
versus temperature rise curve. By careful selection 
of the liquid it was hoped to obtain complete com- 
pensation. Hundreds of liquids are available, and, 
by considering mixtures of 2 or more liquids, the 
possibilities in matter of adjustment of the ex- 
pansion characteristic of a liquid become literally 
infinite. Later in this paper appears a table (table 
IT) giving the expansion characteristics of a few 
liquids; this table, of course, contains only an 
exceedingly small proportion of the liquids that 
might have been considered. 
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Experiments with metal diaphragms were unsatis- 
factory. The principal reason for this was the im- 
possibility, so far at least, of obtaining a sufficiently 
large motion with temperature variations. The only 
metal diaphragms available that would give the 
- desired motion were of relatively large diameter; 
this in turn, meant a relatively large volume of 
liquid to be heated, a comparatively large watt in- 
put, and long time period. If metal diaphragm 
stacks of sufficiently small diameter and sufficiently 
great flexibility could be secured, the metal dia- 
phragm construction might be a quite satisfactory 
solution. However, the difficulties of securing a 
solution by this method seemed to be greater than 
those offered by other possible constructions, and 
attention accordingly was turned to these other 
possibilities. 


EXPERIMENTS WITH BOURDON TUBES 


After experimenting with many other various 
_ schemes, all of which proved abortive, attention 
was turned to the Bourdon tube. The use of the 
Bourdon tube was suggested in the writer’s 1915 
paper, but at that time consideration was given 
only to a tube in which the liquid being heated 
was contained within the curved portion of the tube 
itself. The method, now widely used, employing a 
bulb containing a liquid connected to a Bourdon tube 
through a capillary tube seemed to offer promise. 
This structure as manufactured by several com- 
panies was studied. The temperature of the bulb, 
as used in this structure, is registered by the Bourdon 
tube. The pressure changes developed in the bulb 
by temperature changes and registered by the 
Bourdon tube may be those of a completely filled 
system or those of a partially filled system. In the 
completely filled system, the expansion of the filling 
liquid develops the pressure; in the partially filled 


Fig. 3. A Bourdon tube 
with liquid reservoir for use 
in electrothermic instruments 


BOURDON TUBE 


CAPILLARY TUBE 
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FOR FILLING 


LIQUID RESERVOIR 


system, the vapor pressure of the filling liquid is 
registered. The liquid expansion principle is utilized 
in the thermal meter now proposed. 

The first Bourdon tubes with separate reservoirs 
were made by the writer in 1930, and experimenta- 
tion has proceeded continuously ever since. It 
might be added that technical literature contains 
very little information concerning Bourdon tubes 
and it was necessary to determine by the method of 
trial and error the limitations of such tubes. Tubes 
of various materials, lengths, dimensions, wall thick- 
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nesses, reservoir volumes, spiral dimensions, etc., 
were tried before finally arriving at a satisfactory 
solution. One of the things that early became ob- 
vious was that the amount of liquid in the Bourdon 
tube itself should be reduced to a minimum in order 
that the temperature of the liquid-containing reser- 
voir and not the temperature of the Bourdon tube 
itself would control the pressure within the tube. 


Fig. 4. Diagram 
of instrument 
mechanism using 
2 Bourdon tubes 
with liquid reser- 
voirs 


BOURDON TUBE 
SHAFT 


CAPILLARY TUBE 


LIQUID RESERVOIR A 
LIQUID RESERVOIR B 


i 

This meant making the volume within the tube a 
minimum. Minimum internal volume is secured 
when the tube is rolled flat and this was the con- 
struction adopted. A Bourdon tube is essentially a 
spring, and steel is well-known to be the best avail- 
able spring material. Consequently, after some 
preliminary experiments with other materials, steel 
has been used in all the writer’s experimental work. 
Steel has the further advantage of having minimum 
hysteresis, being so nearly zero in the final product 
as to be entirely negligible. Proper heat treatment 
is of course important; steel is amenable to heat 
treatment while most other metals are not. Tubes 
of a material other than metal were considered, but 
seemed to offer no advantages. 

Figure 3 shows a Bourdon tube with bulb as now 
proposed for use in electrothermic instruments. 
The Bourdon tube consists of 20 inches of °/j. 
inch steel tubing with a 0.010 inch wall. This tub- 
ing is rolled or pressed flat before being coiled into 
the shape shown in figure 3. After coiling, the tube 
is heat-treated. The liquid reservoir consists of a 
short length of steel tubing and is provided with 
hemispherical ends; its over-all inside length is 
approximately 1.324 inches. The capillary tube 
joining the reservoir to the Bourdon tube is of cop- 
per and has an outside diameter of approximately 
0.06 inch; its length may be anything desired, 
but 4 to 5 inches have been used in the experimental 
models. All joints are either brazed, welded, or 
soldered to insure permanent freedom from leakage. 


THERMAL INSULATION 


COPPER ENVELOPE 


USE oF 2 BOURDON TUBES 


With a structure of the dimensions described, the 
angular motion of the Bourdon tube for a one degree 
centigrade change in reservoir temperature is ap- 
proximately 0.8 angular degree when the tube is 
free, or 1/) of this value when 2 identical tubes are 
used opposing each other as shown in figures 4 and 
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6. This value is, of course, governable by the size 
of reservoir, type of liquid, conformation of Bourdon 
tubes, length of supporting arm, and many other 
factors. The method of using these tubes in the 
structure of an instrument is exactly the same as 
that for the bimetallic spring construction described 
in the writer’s previously mentioned 1918 paper. 
The Bourdon tubes are used in pairs, these pairs 
being selected carefully so that they have identical 
characteristics in so far as their response to tem- 
perature change and torque is concerned. The in- 
side ends of this pair of tubes are attached to a com- 
mon shaft so that the 2 tubes oppose each other; 
that is, one tube tends to rotate the shaft in one 
direction and the second in the other. Thus, so 
long as the 2 liquid reservoirs remain at the same 
temperature, no matter what that temperature, 
there will be no rotating of the shaft; the shaft 
will rotate only if the 2 reservoirs are at different 
temperatures, and the amount of rotation is pro- 
portional to the difference in pressure developed in 
the 2 tubes resulting from a given difference in watt- 
age application. If a circuit connection such as de- 
scribed in the writer’s 1915 paper be used, a differen- 
tial wattage strictly proportional to the watts of the 
circuit under measurement can be applied to the 2 
liquid reservoirs. The problem therefore reduces to 
the finding of a construction that, for a given 
differential wattage, will cause a strictly proportional 
differential pressure between the 2 liquid reservoirs. 
Experiments with the construction shown in 
figure 4 were carried out. It is obvious that this 
construction eliminates the errors of the earlier con- 
struction which were caused by variations in radia- 
tion losses caused in turn by variations in ambient 
temperature. With this construction, the exchange 
of heat between the liquid-containing reservoirs A 
and B is dependent entirely upon the rate of heat 
conduction through the thermal insulation, through 
’ whatever metallic connections may be installed be- 
tween elements A and B, and through the lead wires 
and the capillary tubes. A considerable part of the 
heat will escape through the thermal insulation to 
the copper envelope and thence by radiation and 
convection to the ambient air. However, differential 
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temperature does not depend in any degree upon the 
rate of escape of heat from the envelope except 
in so far as the escaping heat affects the temperature, 
and therefore the thermal conductivity, of the 
thermal insulation. It therefore becomes important 
to determine the temperature coefficient of thermal 
conductivity for this thermal insulation. All avail- 
able data on this point were studied. Thermal 
insulators invariably were found to have a positive ° 
temperature coefficient for thermal conduction, that 
is, thermal conduction for a given temperature 
difference always increases as temperature rises. 
Thus, the compensation sought can be obtained if a 
liquid can be found with an expansion coefficient 
that increases at the same rate as does the tempera- 
ture coefficient of the thermal conductivity in the 
thermal insulation. For this purpose a study was 
made of the characteristics of various expansible 
liquids. 


EXPANSION CHARACTERISTICS OF LIQUIDS 


Table II contains data on the expansion char- 
acteristics of a few of the liquids considered. The 
data for expansion is taken from the International 
Critical Tables (vol. III, page 28). Many other. 
liquids might have been considered. The last column 
in this table headed ‘“‘excess’” is a value that has 
been calculated on the basis of the effect of the B 
and y components of the expansion curves. This 
value is, therefore, a measure of the amount of — 
curvature in the expansion curve of the liquid in 
question. This calculation, of course, assumed 
that the expansion curves (see table II) may be 
extrapolated to 100 degrees centigrade—an as- 
sumption that may or may not always be justified. 

From tests made on structures similar to that 
shown in figure 4 the writer has found that com- 
plete compensation can be secured. There is great 
latitude in the choice of available liquids, with a 
wide range of upward curvature in their expansion 
curves, and there is also a wide range of choice in 
heat insulating materials, with upward curvature 
in their temperature-thermal conductivity rela- 
tions. Many combinations may be found that give 
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complete compensation (see mathematical analysis 
in appendix). 

The ideal to be attained is that a given differential 

wattage applied to the 2 liquid reservoirs A and B 
_ in figure 4 always shall give the same angular deflec- 
tion independent of ambient temperature, power 
factor, wave form, voltage, frequency or any other 
variable that may be applied to the meter. The 
writer’s 1915 paper proved that the differential 
watts, using the circuit arrangement therein de- 
scribed, is always proportional to watts, independent 
- of power factor and wave form, and, within reason- 
able limits dictated by design, can be made inde- 
pendent of voltage and frequency. However, a 
given differential wattage does not necessarily mean 
the same deflection at all temperatures and power 
factors with the instrument as built up to the present 
time for reasons that have been set forth. With 
the modifications of structure shown in figure 4, 
it is obvious that the temperature error in the bi- 
metallic strip type of meter caused by radiation is 
eliminated since there is no radiation from each ele- 
- ment separately. The error in the bimetallic strip 
type of instrument caused by the departure of the 
watts versus temperature curve from a straight line 
is eliminated not by making this curve a straight 
line, but by making the temperature differential 
versus deflection curve bend in one direction by 
exactly the same amount as the watts versus tem- 
perature curve bends in the other direction. Thus 
the watts versus deflection curve becomes a straight 
line and, so long as this is true, a given differential 
watt will cause exactly the same deflection at one 
part of the curve as it does at any other. Thus the 
error in the bimetallic strip type of instrument at- 
tributable to both temperature and power factor 
variations is avoided. The appendix indicates how 
this result may be obtained. 

In addition to adjusting the temperature coefficient 
of the expanding liquid and of the thermal insula- 
tion, still another method of adjustment for tem- 
perature and power factor errors is available, and 
this lies in the selection of the thermal shunt be- 
tween A and B, figure 4. A thermal shunt may be 
used to adjust the instrument for the desired time 
period. This thermal shunt, of course, should be 
made of metal and preferably of high thermal con- 
ductivity to curtail the amount of material used. 
The thermal conductivity of metals varies over a 
wide range; some metals have a positive and others 
a negative coefficient. In this respect, the metals 
differ from thermal insulators since the latter, as 
pointed out in an earlier paragraph, all have positive 
coefficients. Therefore, the wattage differential 
versus deflection relation is capable of adjustment 
_ by 3 separate methods or by a combination of all 

3 of them: (1) by the selection of the expanding 
liquid; (2) by the selection of the thermal insula- 
tion; and (3) by the selection of the thermal shunt. 


Vacuum CONTAINERS USED FOR HEAT INSULATION 
As experiments were continued on the structure 


shown in figure 4, a still further modification seemed 
to offer still further advantages. This modifica- 
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tion consisted simply of substituting for the thermal 
insulation of the usual type shown in figure 4, 
thermal insulation of the vacuum type. Heat 
insulation by vacuum has been known for many 
years. It was used first by Dewar in 1892 in con- 
nection with his classical work on liquid air. The 
popular thermos bottle is based upon this principle. 


EVACUATED SPACE 


GLASS TUBING, 
SILVERED ON INSIDE 


Fig. 5. Wacuum container 
for providing heat insulation 
for liquid reservoirs of elec- 

trothermic instrument 


All dimensions are in inches 


If, therefore, vacuum bottles be substituted for the 
heat insulation shown in figure 4, a structure such 
as shown in figure 6 will be obtained wherein the 
loss of heat from the liquid reservoirs A and B 
by convection and radiation is reduced to prac- 
tically zero. This, in turn, means that the value 
of E£ (emissivity) that appears in equation 1 in the 
early part of this paper becomes so small in com- 
parison to Q that H may be neglected. The ulti- 
mate temperature differential for a given wattage 
differential and also the time required to reach that 
temperature differential is then dictated almost 
entirely by the value of Q (thermal shunt). 

Actual tests demonstrated that the time to at- 
tain a given percentage of final temperature could 
be varied from 10 minutes to 75 minutes simply by 
varying the size of leads conducting current into 
the heaters. Still wider range could be secured if 
desired. 

The writer’s experimental work finally led to the 
structure shown diagrammatically in figure 6. 
In this structure the heat set free in resistances A and 
B escapes almost entirely by thermal conduction, 
and the rate of escape is therefore a first-power 
function. The rate of heat escape is governed by 
the length and cross section of the thermal shunts 
S1 and S2, of the leads J, 2, 13, and i, and of the 
capillary tubes ¢, and ft. The vacuum bottles are 
silvered on the inside and are consequently very 
effective heat insulators, practically free from 
radiation and convection losses. As would be 
expected, manufacturers’ tests have shown the 
insulating properties of these bottles to be of a 
permanent character. 

Thermal shunts S; and S, are necessary only 
when very short time period is required. For most 
purposes, the desired characteristics may be secured 
by adjustment of the leads h,, J, J;, and J,. These 
leads serve the double purpose of electrical and 
thermal conductors. It may be of interest to point 
out that copper has not only a high thermal conduc- 
tivity (3.84 watts per cubic centimeter per degree 
centigrade at 0 degrees), but also a low temperature 
coefficient for thermal conductivity (—0.013 per 
cent per degree centigrade). 
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It is this substitution of thermal conduction, a 
strictly first-power function, for radiation and 
convection, which are mot first-power functions, 
that is responsible for the elimination of the curva- 
ture in the response of the Bourdon tube type of 
instrument to heat applications, and is therefore 


. BOURDON TUBE A BOURDON TUBE B 


CAPILLARY TUBE T; CAPILLARY TUBE To 


VACUUM BOTTLE A VACUUM BOTTLE B 


RESERVOIR B 
RESISTANCE 8B 


THERMAL CONDUC-— 
TOR TO DISSIPATE 
HEAT IN RESISTAN- 
CES A AND B 


instrument proposed in this paper, with connections 
to load 


responsible for the elimination of the errors in the 
electrothermic instrument as heretofore built. The 
writer wishes again to emphasize particularly the 
importance of this first-power law for heat loss in 
any thermal meter. 


CHARACTERISTICS OF NEw INSTRUMENT 


Some of the characteristics of this new electro- 
thermic instrument may be of interest. In the 
matter of torque, it has many times the torque of 
any previous instrument ever built so far as the 
writer's knowledge extends. Tests on several 500 
watt instruments show a torque in excess of 300 
imillimeter-grams per degree of deflection of the 
Bourdon tubes. This means a full scale torque of 
6,000 to 7,000 millimeter-grams, which is some 12 
times the torque available in the bimetallic strip 
type of instrument. 

In the matter of overloads, sample instruments 
have been tested at loads 4 to 6 times full load con- 
tinuously without signs of distress other than charr- 
ing of fibrous insulations. 

In the matter of losses, tests on experimental 
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instruments show total losses at no load of less than 
2 watts including transformer losses. At full scale 
deflection these losses rise to somewhat less than 3 
watts. Thus it may be noted that the watt losses 
in this new type of electrothermic instrument are 
of the same order of magnitude as those of the usual 
type of induction watt-hour meter. It should be 
noted particularly, however, that these losses are 
pure resistance losses; that is, the volt-ampere 
losses are the same as the watt losses. Thus, the 
volt-ampere losses in this new instrument are a 
rather small fraction of those in the usual type of 
watt-hour meter, and consequently its burden on 
potential and current transformers is correspondingly 
less. 

In the matter of temperature rise, the new electro- 
thermic instrument is adjusted to have approxi- 
mately a 20 degree centigrade rise above the ambient 
air in both liquid-containing reservoirs at no load. 
At unity power factor, full scale (the maximum 
load the meter is expected to carry continuously), 
the temperature rise of the hotter reservoir above 
the ambient air is approximately 50 degrees centi- 
grade. The differential temperature between the 2 
reservoirs is strictly proportional to watts, inde- 
pendent of power factor and wave form. At power 
factors other than unity, the temperature rise of the 
hot reservoir is less than with the same current at 
unity power factor. 

In the matter of voltage, power factor, and tem- 
perature variations, their effect on the indications 
of this new instrument is negligibly small. 

In the matter of time period, this may be adjusted 
readily to any value desired, up to at least 60 minutes. 
The time period on rising loads and falling loads 
is the same in this new instrument. This is not 
strictly true with the bimetallic strip instrument. 
The reason for this difference is obvious; in the 
Bourdon tube instrument the relation between 
temperature and deflection is strictly a linear func- 
tion, while in the bimetallic strip instrument it is 
not. 

In this new instrument, since heat loss is strictly 
a first-power function, scale deflection is uniform 
throughout the entire range. In this respect it 
differs materially from the bimetallic strip instru- 
ment where the upper end of the scale is contracted 
approximately 12 per cent as compared with the 
lower end. The first-power law for heat loss further 
insures that this new type of instrument always 
will follow a true exponential law for watt applica- 
tions. These features may be utilized to extend 
the usefulness of the meter. 


Appendix—Expansion Characteristics of Liquids 


The expansion characteristic of a liquid may be represented by 
the expression 


Vi = Vol + at + 6 + 7) 
where 


Vo the volume of the liquid at 0 degrees centigrade 
V; the volume of the liquid at ¢ degrees centigrade 
t temperature of the liquid in degrees centigrade 


a, B, and y = constants 


fouu 
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Similarly, the thermal conductivity of a thermal insulator may be 
expressed by 


K, = Kol + ot + pt? + y'8) 


Differentiating this expression for V;and K, with respect to ¢, 
dV, = Voladt + 2Btdt + 3-¢#2dt) 42) 
dK, = Koa'dt + 28'tdt + 3y'tdt) (3) 


Dividing equation 2 by equation 3, 
dV, wi Voy eee Syl 4 
dK, Ko a’ + 28’t + 37’? (4) 


From an inspection of equation 4 it is obvious that Ae becomes 


Electric Power Equipment 
for Steel Plants 


The rapid increase in the use of electric 
power equipment in steel plants in the 
United States during the last 3 decades is 
outlined briefly in this paper, and the prin- 
cipal types of apparatus now in use are 
discussed. Power generation and distribu- 
tion equipment is considered briefly and 
the types of electric motors used in differ- 
ent kinds of main mill drives are outlined. 
Synchronous motors and d-c motors are 
shown to have largely superseded the use 
of induction motors. 


es 
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RALPH H. WRIGHT Westinghouse Elec. and Mfs. 
MEMBER A.I.E.E. Co., East Pittsburgh, Pa. 


Tex: history of the electrification of 
the steel industry in America covers a period of little 
amore than 30 years. Between 1905 and the present, 
American manufacturers have furnished main drive 
motors for steel plants having a total continuous 
capacity of 2,850,000 horsepower. Of this capacity, 
85 per cent has been supplied since 1915. Because 
of the rapidity of this development and the wide 
variety of electrical equipment used, the story of the 
electrification of the steel industry forms an inter- 
esting chapter in the history of American industry. 

Years before the use of electricity in industrial 
operations, the iron and steel industry was a large 
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a constant when a + 6 + y = ¢ (a’ + B’ + 7’) where c may have 
any value whatever. 
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user of high capacity power units. When wrought 
iron was giving way to steel, power requirements in- 
creased and the low capacity, unflexible water wheel 
was abandoned in favor of steam power. The re- 
ciprocating steam engine and the rolling mill rapidly 
grew up together, each successive installation point- 
ing the way to the use of heavier mills and more 
powerful engines. By 1890 the manufacture and 
servicing of rolling mill engines had become a flourish- 
ing business. One builder alone supplied 294 engines 
to the iron and steel industry. 

The most spectacular units produced by the engine 
builders were the large reversing engines for driving 
reversing blooming, slabbing, and plate mills. The 
most advanced types were 4-cylinder, twin, tandem- 
compound units, some of which were capable of ex- 
erting 15,000 peak horsepower. When operated 
condensing, the steam consumption of these units 
alone was not excessive for. conditions existing at 
that time. Their simplicity and large size and the 
smoothness and apparent ease with which they 
worked inspired confidence in the hearts of rolling 
mill men. At first these men were loath to place 
the same confidence in the smaller and less spectacu- 
lar, but more powerful, reversing motor. 


GRADUAL ADOPTION OF ELECTRICITY 


During the development of the reciprocating en- 
gine for main roll drive, the mill auxiliaries were 
driven by small non-condensing engines or by hy- 
draulic mechanisms. These drives were inherently 
inefficient and their excess steam consumption, to- 
gether with the losses in the complex system of steam 
lines necessary for their operation, seriously affected 
the over-all economy of the power system. There- 
fore, the first major step in the electrification of iron 
and steel plants was to replace steam and hydraulic 
drives on cranes, hoists, roll tables and other aux- 
iliaries. By the beginning of the present century, 
the advantages of electric drive for all auxiliaries 
were well established and the changeover was pro- 
ceeding rapidly. Even operators who continued to 
purchase engines for main power units used electric 
auxiliaries. 

As it became necessary to analyze operating costs 
more closely it grew increasingly evident that the 
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operating cost of large engine drives was usually ex- 
cessive for the service rendered. This was not due 
so much to excessive steam consumption of the 
engines themselves as it was to the inherent disad- 


vantages of the steam power system. Rolling we 
is 


are usually scattered over a considerable area. 


Fig. 1. Typical slow speed induction motor drive. 
Synchronous motors are now used for this application 


made it necessary either to have a separate boiler 
plant for each mill or long steam lines to a central 
boiler plant. Where there were a number of revers- 
ing drives, either arrangement was unsatisfactory be- 
cause of the enormous momentary demands for 
steam. Because of the standby and transmission 
losses, the engines seldom utilized more than 65 per 
cent of the total steam generated and usuaily the 
figure was much lower. Steam system mainte- 
nance costs were also excessive. 

The successful and economical operation of elec- 
trically driven auxiliaries caused steel plant engi- 
neers to become interested in using electricity for 
main roll drive. Test data on existing engine drives 
were being compiled in such a way that they could 
be used in selecting motor drives for new mills. 

The first installation of motors for main roll drive 
was made in 1905 at the Edgar Thomson Works of 
the Carnegie Steel Company, near Pittsburgh, Pa. 
This installation consisted of 2 1,500-horsepower 
100/125-rpm 220-volt d-c motors driving a light 
rail mill. At about the same time the first electric 
reversing mill drive was purchased to drive a univer. 
sal plate mill at the South Chicago plant of the U.S. 
Steel Corporation. This installation was followed 
in 1910 by a reversing blooming mill drive at the 
Algoma Steel Company, Sault Ste. Marie, Ontario. 
The Gary (Ind.) plant of the U.S. Steel Corporation, 
on which construction work was begun in 1906, was 
laid out for electric drive for both main rolls and 
auxiliaries, as far as was practicable with equipment 
then available. This was the first steel plant to be 
designed to use electric power for practically all 
operations. It is interesting to note that every one 
of the pioneer electrical installations mentioned 
above is still in service and operating at the original 
efficiency. 
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POWER GENERATION AND DISTRIBUTION 


By 1910 it became evident that steel plants even- 
tually would be operated almost entirely by electric 
power and that suitable electric power systems would 
have to be installed. At that time the steam turbine 
and steam generating equipment were not highly 
developed, especially in small units of 5,000 kw or 
less, which was about the maximum capacity that 
steel makers were then willing to tie up in one unit. 

Gas engines which could operate on available 
blast furnace gas could be had in capacities of 2,000 
to 3,500 kw and would generate a kilowatthour on 
15,000 to 18,000 Btu. A great many gas engine 
generating units were installed, a large part of which 
is still in use. The speed regulation of the older 
engines is poor, because of variations in the quality 
of the gas and on account of the slow speed (83 rpm). 
The variations in system frequency which occur as a 
result of poor engine regulation often have an un- 
desirable effect on plant operations, so it was common 
practice to operate turbogenerators in parallel with 
gas engine units to give stability. Gas engines were 
improved and units as large as 6,000 kw installed, 
but the need for large generating units and the im- 
provement of the steam turbine and boiler plants 
have made it desirable to use steam turbine units 
for power plant extensions. 

In a modern steel plant, blast furnace gas is used 
to generate superheated steam at 250 to 300 pounds 
pressure. Steam generators are also equipped to 
burn coke breeze or coal. Part of this steam is 
utilized in steam turbocompressors to produce the 
air blast for the blast furnaces. The remaining 
steam is utilized in turbogenerators of 15,000 to 
30,000 kw capacity. Waste heat from open hearth 
furnaces also provides a source of power which is 
being utilized to an increasing extent. A battery of 
14 150-ton furnaces installed a few years ago was 
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Fig. 2. 


A 1,800-horsepower 150-rpm 6,600-volt 

synchronous motor driving tube piercing mill. 

Loads are heavy and of such duration that Aywheels 
are undesirable for load equalization 
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Fig. 3. 7,000 horsepower 
and 2,000 horsepower re- 
versing motors operating in 
parallel. The 7,000 horse- 
power motor in the back- 
ground drives the main 
horizontal rolls of a uni- 
versal mill. The 2,000 horse- 
power motor drives a pair of 
vertical rolls in synchronism 
with the main rolls 


equipped with waste heat boilers, 2 10,000 kw turbo- 
generators, and an evaporator to generate steam at 
moderate pressure for general mill use. Each 150 
ton furnace produces an average of about 750 boiler 
horsepower. Under normal operating conditions 
it is possible to obtain from waste heat practically 
all the electric power required for a steel plant. Dry 
quenching of coke promises to provide another 
source of waste heat. 

Steel plants necessarily occupy a great deal of 
space and points where power is used are seldom 
near to the place where it is convenient to install 
generating equipment. Present power requirements 
make it necessary to generate and distribute at 6,600 
or 13,200 volts. The former voltage is practically 
standard for large motors. For small finishing plants 
operating on purchased power, 2,200 volts is satis- 
factory. Widely scattered plants operating under 
the same management are usually interconnected 
by transmission lines operating at 22 kv or 44 kv. 
One such 44 kv system has a total connected gen- 
erating capacity of 120,000 kw. Thus, every large 
steel plant is confronted with the same problems of 
power generation and distribution as the utilities. 


ELECTRIC MOTOR WELL SUITED FOR MAIN DRIVE 


In the early stages of the electrification of the in- 
dustry, the performance of the steam engine on 
main roll drives was the standard by which motor 
drive was judged. Mill design and rolling processes 
had been worked out to suit the characteristics of 
the engine. Except for reversing service, in which 
the speed was regulated manually, the reciprocating 
engine was essentially a constant speed power unit. 
Early rolling mills, except reversing type, therefore, 
were designed to operate at practically constant 
speed. It was then necessary to have a number of 
mills, each with a limited range of product. As 


experience was gained in applying motors, it be- | 


came evident that by careful co-ordination of mill 
design and motor design to take advantage of the 
greater flexibility of the electric motor, mill per- 
formance could be improved. So, modern mills may 
use several types of electric drive in a single installa- 
tion and a wide range of product can be rolled. In 
one recent instance, 7 old mills were replaced by a 
single mill with modern electric drive. 
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Recently great advances have been made in rolling 


mill processes. For example, all plate formerly was 
rolled in mills having not more than 2 independently 
driven stands of rolls and in most cases only a single 
stand. In such mills, plate can be rolled only in 
short lengths and coarse gauges. The modern mill 
has as many as 10 independently driven roll stands 
arranged in tandem and with finishing stands closely 
spaced. The total connected motor capacity is 
usually between 30,000 and 40,000 horsepower. 
Such mills, known as wide strip mills, may have 
rolls up to 100 inches long and can roll long plates 
in heavier gauges, or long coils of wide thin material 
known to the trade as strip. 

Wide strip mills have been made possible through 
advances in mechanical design of mills and by the 
development of the adjustable speed d-c motor. 
The first 4 roll stands, which are spaced so the steel 
is in only one stand at a time, are usually driven by 
synchronous motors or induction motors of about 
2,500 horsepower rating. The finishing stands are 
closely spaced and are each driven by a 600-volt 
d-c adjustable speed motor with a 2 to 1 speed range 
by field control. These motors vary in capacity 
from 2,000 horsepower to 3,500 horsepower in exist- 
ing installations. 

Likewise, the methods of producing sheet and tin- 
plate have undergone a tremendous change. Form- 
erly all sheet and tinplate was produced by a slow 
and laborious process. Small bars were heated, 
rolled to light plate, reheated in packs of 2 or more 
and the packs rolled, doubled, reheated and rerolled 
as often as was necessary to obtain the desired 
gauge. The modern method of rolling such mate- 
rial is to start with a coil of strip weighing several 
tons and cold roll it directly to the desired gauge in 
one operation. Mi§lls for this process may be either 
multi-stand tandem mills or single stand reversing 
mills. D-c adjustable speed motors are used for 
either type of mill with special control equipment 
to keep the steel under tension during rolling. 

And so, through the entire list of finished steel 
products, it will be found that present day processes 
all depend heavily on drive characteristics which 
can be obtained only with the electric motor. A re- 
view of the various types of motors and their appli- 
cation to main roll drives will serve to illustrate this 
point. 
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Fig. 4. Typical installation of 
d-c adjustable speed motors 
for high speed tandem mill 


INDUCTION MOTORS 


The induction motor has been widely used in the 
past for 2 main types of drives: (1) constant speed 
drives which were subjected to heavy peak loads of 
short duration, and which required high starting 
torques; and (2) constant speed drives for continu- 
ous type mills in which a number of stands were 
driven from a common shaft. For the first type of 
drive, wound rotor motors and flywheels and fixed 
or adjustable slip resistance are used. This arrange- 
ment was especially popular when power systems 
were small and it was necessary to protect generating 
equipment against short, heavy peaks. Induction 
motors up to 7,000 horsepower capacity have been 
used for this type of drive. Changes in mill design 
and increase in power system capacity have greatly 
reduced the demand for induction motor drives with 
flywheels for equalizing load peaks. Induction 
motors were used for the second type of drive largely 
because suitable synchronous motors were not avail- 
able. A typical slow speed induction motor drive 
is illustrated in figure 1. 

A number of systems have been developed for 
speed regulation of wound rotor induction motors, 
and 145 equipments ranging in capacity up to 7,500 
horsepower have been installed. Due to changes in 
mill design and the demand for maximum simplicity 
of electrical equipment there is little application for 
a-c adjustable speed motors. 


SYNCHRONOUS MoTorRS 


Improvement in synchronous motor design and 
increase in capacity of power systems now make it 
possible to use synchronous drive for many constant 
speed applications for which induction motors were 
used previously. The synchronous motor is the 
ideal drive for certain types of multi-stand mills in 
which one motor drives a number of roll stands and 
the load is steady. Paradoxically, the synchronous 
motor may also be superior to other types for opera- 
tions which impose heavy peak loads. In a seam- 
less tube plant, for example, a large piercing mill 
requires 10 to 20 seconds to pierce a billet and the 
motor load will be several thousand horsepower. In 
the interval between billets the load is negligible. 
Because of the relatively long load period, an ex- 
cessively heavy flywheel would be required to equal- 
ize such a load if induction motor drive were used 
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drive 


and a definite period would have to be allowed be- 
tween operations to permit recovery to no-load 
speed. An installation of this type is shown in 
figure 2. Between the comparatively steady load 
and the load which consists of a succession of long, 
heavy peaks there also are a number of constant 
speed loads for which the synchronous motor is 
suitable. | 

Small and medium capacity synchronous motors 
are started at full voltage. Larger motors are 
usually wound with 6 primary leads so that a start- 
ing reactor can be connected permanently in the 
neutral. This reactor is short-circuited by a 2 pole 
circuit breaker as the motor approaches synchro- 
nous speed. By proper design of the rotor cage wind- 
ing, the starting torque can be made to suit a wide 
range of conditions. Synchronous motors up to 
9,000 horsepower are in successful operation. 


D-C REVERSING EQUIPMENTS 


Reversing motors are used principally to drive 
heavy primary reduction mills such as blooming and 
slabbing mills which reduce the original ingots to 
sections which can be used in finishing mills. Re- 
versing stands are used also for making roughing 
passes in rail, structural, and plate mills. Over 
100 reversing equipments varying in continuous 
capacity from 500 horsepower to 12,500 horsepower 
have been built in the United States. These drives 
usually consist of a specially designed reversing 
motor having a speed range of at least 2 to 1 by field 
control; a motor generator consisting of one or more 
variable voltage generators, a wound rotor induction 
motor and a flywheel; a slip regulator to equalize 
the input to the motor generator; and a variable 
voltage control. In special cases a synchronous 
motor-generator can be used. The speed and di- 
rection of rotation are controlled by a small foot 
master switch. A special form of reversing drive in 
which 2 motors drive separate pairs of rolls in the same 
mill housing is shown in figure 3. 

Reversing drives are usually direct connected to 
the mill rolls, so the motors are designed for slow 
speeds and heavy torques. The most powerful 
equipment built to date has 2 5,000-horsepower, 
40/80-rpm motors, one connected to each of the 
main horizontal rolls of the mill, and a third motor 
of 2,500 horsepower capacity for driving a pair of 
vertical edging rolls. The combined maximum 
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torque capacity of the 5,000 horsepower main motors 
is 3,950,000 pound-feet. The use of the twin-motor 
arrangement makes it possible to apply extremely 
high capacity slow speed drives to a single pair of 


_ rolls. 


D-C ADJUSTABLE SPEED Motors 


The tendency to design modern finishing mills for 
a wide range of product frequently makes it neces- 
sary to drive each stand of rolls with an individual 
adjustable speed motor. Mill stands usually are 
arranged in tandem on close centers so that it is 
necessary for the mill operator to have close control 
of the speed of every motor in the roll train. The 
d-c motor is peculiarly adapted to this class of ser- 
vice. (A typical installation is shown in figure 4.) 
The d-c motor is indispensable for cold roll mills, 
in which both the speed of the mill and the tension 
on the metal must be regulated closely. 

A brief explanation of the operation of a single 
stand reversing cold roll mill will serve to show the 


A Stroboscopic 
Power Angle Recorder 


-An automatic stroboscopic power angle 
recorder developed to study directly the 
transient performance of synchronous ma- 
chines during load disturbances is de- 
scribed in this paper. A portion of the 
machine under observation is illuminated 
~ by stroboscopic light, and its oscillations 
are recorded directly by a moving-film 
camera. The operation of the device is 
made automatic by connecting a suitable 
relay in its circuit. A typical installation 
on a hydroelectric generator is described. 


By 
HAROLD E EDGERTON Massachusetts Institute 


MEMBER A.1.E.E. of Technology, Cambridge 


Tix: automatic stroboscopic power- 
angle recorder described in this paper, an instrument 
that might be called the “‘strobograph,” makes 
possible the direct recording of the power angle of 
synchronous machines—a measurement otherwise 
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flexibility of the d-c motor and its control. Such a 
mill consists of a roll stand with 2 working rolls and 
a driving motor and 2 motor driven reels; one on 
either side of the roll stand. A long coil of hot 
rolled strip weighing several thousand pounds is 
placed in the reel on the entry side of the mill and 
the end of the strip is threaded through the rolls at 
slow speed and into the jaws of the reel on the de- 
livery side. Electrical adjustments are made which 
place the strip under tension on both sides of the 
mill and the mill and reels are brought up to speed 
by variable voltage control. Due to the decreasing 
diameter of the coil on the entry side, the speed of the 
reel must increase as rolling progresses. The motor 
acts as a generator while maintaining the desired 
back tension. On the delivery side, the diameter 
of the coil increases so the delivery reel drive, act- 
ing as a motor, must continually decrease its speed 
while maintaining the strip under constant tension. 
Successive passes are made in opposite directions so: 
the functions‘of the reel drives are reversed for each 
pass. 


very difficult to obtain especially during disturbances. 
The present strobograph is an improvement of an 
earlier model described in ELECTRICAL ENGINEERING, 
May 1931, pages 327-9. 

The electromagnetic oscillograph has been used 
for the study of transient conditions in power net- 
works, and has. produced commendable results. 
Several types of oscillographic instruments capable 
of great flexibility and usefulness have been de- 
veloped, particularly for obtaining records showing 
what happens during disturbances. A serious limi- 
tation of the oscillograph, however, is that it cannot 
measure the power angle directly in the way that it 
records voltage or current, since the power angle 
cannot be measured electrically at the terminals. 
The power angle is one of the most important vari- 
ables to measure, since stability is a function of this 
angle. Auxiliary apparatus such as a pilot a-c gen- 
erator (having the same number of poles as the 
machine under test and rigidly connected to it) or a 
special commutator can be used in conjunction with 
the oscillograph to record the power angle, but these 
methods seldom are employed because they are diffi- 
cult to arrange, especially upon large machines. 

A stroboscope permits the direct measurement of 
the power angle. Stroboscopic light, flashed in con- 
stant phase relationship with the stator voltage, 
shows the field poles in a stationary position in space 
when the machine is running in synchronism at con- 
stant load. As the load changes, the poles can be 
seen to move to their new equilibrium position and 
oscillate about it. The oscillation is over in a few 
A paper recommended for publication by the A.I.E.E. committee on electrical} 
machinery, and scheduled for’discussion at the A.I.E.E. summer convention, 
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CONTINUOUSLY-MOVING- 
FILM CAMERA 
Fig. 1. Wiring diagram of a stroboscope for produc- 
ing one flash of light each cycle in accurate phase 
relationship with the voltage 
Ts Mercury arc stroboscope tube 


Li: 1 henry or 300 ohms resistance 
Ci 0.25 microfarad 


Ri 20,000 ohms 
Re 100 ohms 
Rs 20,000 ohms 
Th Type 866 rectifier tube Ce 1 microfarad 
Te Type 280 rectifier tube Cs 3 microfarads 

Ts Type FG-17 grid-controlied mercury-vapor tube 


INPUT VOLTAGE 
CAPACITOR 
VOLTAGE (Co,C3) 


Fig. 2. Voltage and 
current variations in cii- 
cuit of figure 1 


STROBOSCOPE 
TUBE CURRENT 


TIME —= 


seconds—in fact, so quickly that it is impossible to 
measure with the eye the angle time curve—but 
with a camera a series of readings may be exposed 
on the film. The stroboscope for this purpose must 
produce light having several properties which will be 
discussed in detail later. 

This paper describes a method of measuring the 
power angle during disturbances by photographing 
the field structure with stroboscopic light. An 
application of the method was made in the Bellows 
Falls, Vt., plant of the New England Power Associa- 
tion during the summer of 1933, and some of the re- 
sults are shown. 


STROBOSCOPIC METHOD 
OF MEASURING POWER ANGLE 


Speed and angle measurement with stroboscopic 
light have long been in use in the operation of syn- 
chronous machines, and the principles involved are 
well understood by engineers and operators of power 
systems. The method is not in general use at the 
present time because there has been a lack of a suitable 
convenient high-power source of stroboscopic light. 
The stroboscopes described in this paper overcome 
this objection. The method was developed in the 
electrical engineering department at the Massachu- 
setts Institute of Technology in order to measure 
the transient performance of synchronous machines 
during load disturbances. 
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A stroboscope in the laboratory of the 
Massachusetts Institute of Technology for measuring 
the angular displacement of a synchronous motor 


Fig. 3. 


The requirements of a suitable stroboscope for 
making photographic records of power angle tran- 
sients are: 


1. An accurate phase relationship between the time of flash and the 
terminal voltage. 


2. A brief flash of light (less than 10~° second). A short flash is 
necessary in order to produce a clear unblurred image of the moving 
scale or pointer. 


8. A great instantaneous intensity of illumination. This is impor- 


tant when pictures are needed for obtaining records. 


One circuit arrangement that is very satisfactory 
is shown in figure 1. A short flash of light is pro- 
duced each cycle from the mercury arc tube at a 
time corresponding approximately to the time when 
the supply voltage is zero. The magnitude of the 
input voltage can be varied without any appreciable 
change in phase shift between the flashes and the 
voltage. Experiment shows that the error in angle 
measurement is less than '/. an electrical degree for a 
voltage change from —10 per cent to + 10 per cent. 
Limitations to the allowable variations of voltage 
depend primarily upon the filaments of the rectifier 
tubes, 7, and 7, and the vapor tube 73. Should the 
voltage drop too low, the electron emission becomes 
insufficient and the oxide surfaces of the cathodes 
are damaged. The filaments, however, have appre- 
ciable thermal time constants that permit them to 
operate for brief intervals without difficulty follow- 
ing a sudden drop of voltage. Where violent volt- 
age variations are expected, the filaments should be 
heated separately from an auxiliary circuit the volt- 
age of which is known to be reasonably constant. 

A flash of light from the mercury arc stroboscope 
lamp results when a capacitor that is connected di- 
rectly across it discharges violently through the 
tube. For the conditions shown in figure 1 the ca- 
pacitor is 4 microfarads and it is charged to about 
1,200 volts for each flash. In normal operation the 
mercury tube does not break down with this voltage 
across it until a high suddenly applied potential is 
impressed on the starting band at the junction of the 
mercury and glass. A cathode spot quickly forms 
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on the edge of the liquid mercury when the high 
voltage surge arrives, and it furnishes ample electron 
emission to discharge the capacitor at a rapid rate. 
Naturally the current through the tube reaches a 
large value, since there is very little impedance in 
the discharge path. This sudden pulse of current as 
it passes through the mercury tube excites the mer- 
cury vapor and causes it to produce the brief in- 
tense flash of light that is used for stroboscopic ob- 
servation and for instantaneous photography. 
The high voltage pulse for starting the mercury 
tube is obtained in this circuit from the secondary 
of a step-up transformer when a small capacitor 
(1/.-microfarad charged to about 600 volts) is dis- 
charged into the primary. The vapor tube 73; n 
figure 1 acts as a switch to connect the small capaci- 
tor to the primary of the external-grid exciting 
transformer at a time when the grid of 73 is at about 
zero potential. Before this time the grid voltage on 
tube 7; has been negative, which prevents it from 
conducting during the time that the small capacitor 
is being charged from the power transformer through 
the rectifier tube 7). The large capacitor (C:, C3) 
across the mercury lamp is charged at the same time 
through the rectifier 7}. The a-c grid voltage has 


1000, Ci 10 microfarads 
! 
VOLTS ; C2 4 Microfarads 
Cs 10 microfarads 
C, 0.25 microfarad 
POWER 0 a Ce Ri 2,000 ohms 
: 3 30:1 Re 100,000 ohms 
i R, RATIO Rs 10,000 ohms 
Li 5 henrys 
500 VOLTS Ti, Te Type 866 recti- 
POWER fier tubes 
—_ Ts Type 83 rectifier 
tube 


Ta Type FG-17 grid- 


PEAKING controlled mercury- 
REFERENCE RELAY | TRANSFORMER vapor tube 
VOLTAGE —> TO CAMERA 
INPUT. MOTOR 


Fig. 4. Wiring diagram of a stroboscope for produc- 
ing one flash of light each cycle 


The circuit for tripping the light is not required to supply 
power to the stroboscope tube, as in the circuit of figure 1 


Fig. 5. Looking 
up in wheel pit 
at Bellows Falls 
(Vt.) plant show- 
ing location of 
platform support- 
ing stroboscope 

and camera 


Fig. 6 (right). 
View showing ref- 
erence’ marks 
(one for each 
pole) on_ inside 
rim of rotor, sta- 
tionary scale, 
stroboscope, and 
camera 
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a value of several hundred volts so that the starting 
of conduction in tube 7; will be nearly independent 
of the magnitude of the grid voltage or the tempera- 
ture of the tube, this conduction starting when the 
grid voltage swings from a negative to a positive 
value. During the half-cycle that the grid of tube 
T3 is positive the plate voltage on both rectifier tubes 
is negative, and so no current flows through them. 
The current to the grid of 7; is limited by a resistor. 
Various voltage and current relations in the circuit 
are shown in figure 2. 

Operation of the stroboscope is made automatic 
by connecting a relay (tripped by line or neutral ° 
current) in series with the primary of the power trans- 
former, as shown in figure 1. The stroboscope starts 
to flash within one cycle after the transformer is 
energized and will run until disconnected, for in- 
stance by a definite-time relay arranged to open the 
circuit in about 10 seconds, which is long enough to 
cover the duration of most power angle transients. 
In this automatic use, the tube filaments need to be 
heated continuously so that they will be ready to 
operate immediately. 

For intermittent duty such as the 10 second ser- 
vice just mentioned, the power to operate the strobo- 
scope is between 100 and 200 watts, depending upon 
the exact arrangement used. Continuous opera- 
tion will overheat the mercury lamp and it will begin 
to miss and “‘stutter’’ unless cooled or unless the 
power into the lamp is reduced by lowering the volt- 
age or capacitance. A switch is shown in figure 1 
for disconnecting capacitor C; from the circuit for 
continuous operation. The useful life of the mer- 
cury tubes depends upon their treatment in the cir- 
cuit; like all other electronic devices, the harder they 
are worked the shorter is their life. In automatic 
service the stroboscope lamps should be tested oc- 
casionally and replaced after 10 or 20 operations. 
The lamps become dark on the inside after use, which 
reduces light output. At the Bellows Falls applica- 
tion it was necessary to wipe the dust off the tube 
and reflector at least once a week. 

A second type of stroboscope, the circuit of which 
is shown as figure 4, has one advantage over that of 
figure 1, in that it requires less power from the refer- 
ence voltage circuit. Power to operate the vapor 


tube control circuit and the mercury arc lamp for 
this circuit is obtained from a source of power that 
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may be independent of the a-c source used as a refer- 
ence voltage. A peaking transformer is connected 
in the vapor tube grid circuit to give a peaked wave 
form on the secondary and thereby cause the tube to 
be ‘‘tripped”’ suddenly at the same angle, even if the 
magnitude of the reference voltage may vary over a 
considerable range. 

Values of circuit constants that have been used 
in the laboratory are indicated on the circuit dia- 
grams, figures 1 and 4. Because of the fact that the 
mercury stroboscope lamp is operative over a large 
range of voltage, the circuits are not critical to 
changes of the circuit constants. 


PowER ANGLE RECORDER AT BELLOWS FALLS 


During the summer of 1933 a stroboscope of the 
type shown in figure 4 was installed in the wheel pit 
of generator 1 at the Bellows Falls plant of the New 
England Power Association. The stroboscope and 
the camera were held underneath the rotor by a 
platform fastened to the concrete walls. One white 
reference mark was accurately located by means of 
a scriber on the inside rim of the rotor for each of the 
48 poles of the machine. Below this rim with the 
index marks was placed a stationary scale reading 
directly in electrical degrees. Photographs of this 


installation are reproduced in figures 5 and 6. The © 


mercury-are stroboscope tube is in a protecting fiber 
tube and is located just below the scale (figure 6).. 
The camera for recording the angle was a rebuilt 
16-millimeter hand-cranked motion-picture camera 
in which the intermittent motion had been removed 
so that the film moved continuously. A 4/29 horse- 
power synchronous motor was geared to the drive 
and arranged to pull the film past the gate at the 
rate of exactly 60 frames per second. The removal 
of the intermittent motion greatly reduced the 
torque required to drive the camera. With this ar- 
rangement the film came up to speed within less 
than 4/,;) second after the motor was connected. 
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VERNON BUS, DEGREES 


PHASE ANGLE BETWEEN 
BELLOWS FALLS ROTOR AND 


04 08 1.2 1.6 COCA Riek rie o) an.G 40 
SECONDS FROM START OF DISTURBANCE 


Fig. 7. Two angle-time curves recorded automati- 
cally at Bellows Falls during the 1933 lightning season 


—Single phase fault - -- 2 phase fault 


During the 10 seconds that the definite-time relay 
permits the camera to run, about 14 feet of film is 
exposed. Thus with 100 foot supply on rolls of film, 
about 7 disturbances are recorded without reloading 
the camera. Two typical records obtained from films 
taken at the Bellows Falls plant are e Plotted in. fig- 
ure 7, $e B. 
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D-C Braking of 
Induction Motors 


The rapid deceleration of induction motors 
from relatively high speeds to standstill — 
by the application of constant potential 
to the terminals is considered in this paper. 
Applications in which d-c braking of 
induction motors is desirable are men- 
tioned, and the fundamental principles in- 
volved in this method of braking are 
considered. The characteristics of the 
speed-torque curve are derived from these 
principles. The practical application of 
d-c braking is demonstrated by the results 
of extensive tests, and a simple means of — 
calculating the approximate values of cur- 
rent and wattage necessary for braking is 


included. 
By 
F. E. HARRELL 
ASSOCIATE A.1.E.E. 
W. R. HOUGH Bledand Elen al 


MEMBERSHIP APPLICATION PENDING Cleveland, Ohio 


Weeks days of high speeds in trans- 
portation and in industrial processes have given rise 
to new problems incident to acceleration to and 
deceleration from these increased speeds. Whereas 
acceleration frequently comes in for a major share 
of the consideration in connection with high speed 
problems, this paper deals entirely with decelera- 
tion—or more specifically with the deceleration of 
loads powered by a-c induction motors. 

The evolution of that portion of the steel industry 
having to do with the production of steel strips and 
sheets has brought into existence the modern so- 
called continuous strip mill. In this mill, all the 
steps in the process of reducing a slab to strips or 
sheets are made part of a continuous and progressive 
sequence of operation, and entirely new problems of 
deceleration are presented. 

The increase in mill speeds when handling hot 
steel shapes from 300 feet per minute up to actual 
present operations at 1,600 feet per minute and 
A paper recommended for publication by the A.I.E.E. committee on applica- 
tion to iron and steel production, and scheduled for discussion at the A.I.E.E. 
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at 


higher, requires the complete control of the entire 
mill with much greater facility than was previously 


occasioned. Particularly is this true of the so- 


called finishing end of a mill where the higher linear 
speeds are attained, and where the material already 
has sufficient value as represented by its successive 
processing as to require the most complete flexi- 
bility of handling means in order to dispatch the 


finished product successfully. 


The application of a constant potential to the 
terminals of very large induction motors has not 
been unknown for accomplishing an economical and 
practicable braking effect. It remained; however, 


Fig. 1. Character- 
istic torque curves 
showing: original 
and present con- 
ception of d-c 
braking (curves A 
and B, respec- 
tively) and stand- 
ard induction 
motor torque 
curve (curve C) 
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for the necessities arising from the operation of 
modern continuous mills to bring this old principle 
of d-c braking of induction motors—both singly and 
in groups—into further prominence. 

It was the problem of successfully handling the 
necessary deceleration of strip steel on the conveying 
rollers and coilers of continuous mills, which in turn 


Fig. 2. Schematic wiring 
diagram showing 2 methods 
of applying direct current to 

3-phase stator terminals 


were powered by individual induction motors, that 
prompted further investigation of d-c braking for 
such a purpose. 

As it has been proved many times in the past, some 
well-known phenomenon when brought into the 
limelight and investigated, proves to have somewhat 
different characteristics and behavior than generally 
ascribed to it. So it is with d-c braking of induction 
motors. 

It has been generally considered that the charac- 
teristic d-c braking curve of an induction motor was 
from a maximum at top speed down to zero at stand- 
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still, as illustrated by figure 1, curve A. While this 
is a possible curve for a very high resistance wound 
rotor induction motor, the most representative curve 
of the family for induction motors or more particu- 
larly squirrel cage motors, is that shown in figure 1, 


A—Rotor having 
normal resistance 
B—Rotor having 
twice normal resist- | eee 
ance 
C—Rotor having 4 W [ [ 
times normal resist- @G@ iz 
ance a | 
i | 
E 
iS 
A 
100 80 60 40 20 0) 
PER CENT SLIP FOR 60 CYCLES 
O 360 720 1080 1440 1800 
RPM 


Fig. 3. Characteristic torque curve of 4-pole squirrel- 

cage motor during d-c braking. Three types of rotors, 

normal torque (A), semi-high torque (B), high torque 
(C) 


curve B. It may be of interest at this point to ob- 
serve that the general shape of the d-c braking curve 
is the opposite of the typical squirrel cage speed 
curve which might be illustrated by curve C, figure 1. 

Throughout this paper curves will be presented 
in which d-c braking torque in pound-feet is plotted 
against speed in revolutions per minute. In every 
case the speed scale will be limited to that speed 
which would be attained if the motor were to be 
connected to a 60 cycle supply since that frequency 
represents the present limits of commercial frequency. 


PRINCIPLES INVOLVED IN D-C BRAKING 


It would be weil to review just how this braking 
effect is secured. An induction motor which is 
rotating at synchronous speed less a small slip and 
driving a load, upon removal of the a-c supply tends 
to continue rotating at its original speed, except as 
the friction and windage of the connected load, plus 
that of its own rotor, retard it. 

D-c braking may be accomplished by applying the 
potential to either 2 or 3 terminals of a 3-phase in- 
duction motor, as illustrated in figure 2. This direct 
current produces a number of fixed poles of constant 
polarity and intensity in the stator or primary, 
equal in number to the poles for which the machine 
is wound. In this field the rotor in motion resembles 
a short-circuited armature of as many parallel cir- 
cuits as there are rotor bars, the short-circuiting 
rings forming the end connections. There is pro- 
duced at each rotor bar an alternating potential 
giving rise to a circulating current such as to oppose 
rotation. 

To carry this review a step farther, consideration 
will be given to the speed-torque curves of d-c 
braking on a 4-pole squirrel-cage induction motor 
when disconnected from a 60 cycle supply with, 
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Fig. 4. Characteristic curves of torque and rotor 
current for an 8-pole wound-rotor induction motor 
during d-c braking 


successively, rotors having characteristics incident 
to producing normal torque and normal slip, then 
semi-high torque, and full high torque rotors; or 1n 
other words, rotors all having the same reactance as 
determined by the shape and positions of the slots 
and end rings, but differing in resistance value as de- 
termined by the material in the bars and rings. 
These curves are shown in figure 3, where curve A 
is that for a normal resistance rotor, curve B is that 
for a rotor having twice normal resistance, and curve 
C that for a rotor having 4 times normal resistance. 
The curves are all taken with the same value of d-c 
amperes flowing continuously between stator termi- 
nals. 

They serve to illustrate several important details 
of d-c braking. At first consideration it seems illogi- 
cal that the maximum braking effort should come at 
other than maximum speed where maximum voltage 
is produced. However, it must be borne in mind 
that at any speed with direct current impressed on 
the stator terminals, the voltage produced in the 
rotor has an instantaneous frequency indicated by 
the well-known formula 


pox (1) 


where is the number of poles. 

Thus, at the instant a 4 pole motor (1,800 rpm) 
should be disconnected from a 60 cycle line and have 
direct current impressed on its primary terminals, 
the frequency in the secondary would be approxi- 
mately 60 cycles, decreasing directly with the speed 
to zero frequency at standstill. During deceleration 
the secondary voltage is a direct function of the 
speed, as would be expected and as verified by os- 
cillograph charts taken on a wound rotor motor. 


The secondary current will then decrease with the 


speed at a rate determined by the proportion between 
the resistance and reactance comprising the rotor 
impedance. This is verified by an oscillographic 
study of the secondary current in a wound rotor 
motor of known constants during d-c braking. 
The increasing torque, then, in the face of a de- 
creasing current be explained by the phase relation 
between the secondary voltage and current. As the 
rotor comes down in speed, the power factor of the 
secondary approaches unity, bringing the peak 
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current into the most effective position to produce 
maximum braking effect. 

This is illustrated by the curves in figure 4 repre- 
senting the braking speed-torque curves and the 
accompanying secondary curves for an 8-pole wound- 
rotor induction motor operated from a 60 cycle 
supply. Curves A and A’ are torque and current 
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Fig. 5. Characteristic curves of torque and rotor 

current versus slip for an 8-pole wound-rotor induc- 

tion motor. Curves with no external resistance 

and with 2 values of external resistance in the rotor 
circuit 


respectively taken without external resistance in the 
rotor circuit. Curves B and B’ are taken with an 
external resistance of 5 ohms, while curves C and 
C’ are taken with 20 ohms external resistance. These 
are all taken with the same d-c excitation. 

It is simply an item of interest to note the simi- 
larity of character of the torque and current curves 


Fig. 6. Four-pole 
squirrel-cage mo- 
tor torque versus 
slip curves for d-c 
braking _ illustrat- 
ing variation of 
torque for 
changes of rotor 
resistance up to 
4:1 and changes 
in d-c amperes 
supplied to the 
stator up to 3:1 
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for d-c braking in figure 4, with their corresponding 
speed-torque curves and current curves taken on the 
same motor with the same external resistances, and 
as powered from a 60 cycle source of supply, all as 
shown in figure 5. Aside from their similarity and 
the fact that secondary resistance and reactance 
have similar effects on both a-c motor and d-c 
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braking torque curves because of like rotor frequency 
in both cases, there is no comparison of area under 
the curves applicable to the problem of stopping. 
The a-c motor when plug-stopped by alternating 
current has not the curve shown in figure 5, but an 
extension of these curves for values of slip from 100 
per cent to 200 per cent, and, of course, the d-c ex- 
citation of the stator cannot produce rotation for 
acceleration. 

It is also obvious that the entire speed-torque 
curve for a given motor—i. e., stator winding and 
rotor winding of given design—can be raised and 
lowered along the Y axis by adjusting the d-c po- 
tential applied to the stator terminals. This rela- 
tion is one of the second power representing the 
product of volts and amperes. Thus, a given motor 
producing say 10 pound-feet braking torque at a 
speed of 600 rpm with 5 amperes d-c excitation, 
should produce 40 pound-feet at the same speed with 
10 amperes direct current. 

This change in torque is, of course, subject to the 
limitation of saturation of the core, but for the range 
of stopping time apt to be required in stopping induc- 
_ tion motors, this relation safely can be assumed to 
apply. 


ILLUSTRATION OF THESE PRINCIPLES 


Figures 6, 7, and 8 serve to illustrate the foregoing 
statements with regard to d-c braking characteristics 
for 4, 8, and 12 pole motors, respectively. Figure 6 
shows in curves A, B, and C, the braking curve of 
rotors with normal resistance, twice normal resist- 
ance, and 4 times normal resistance, respectively, 
all taken with the same value of d-c excitation on the 
stator terminals of a 4 pole motor. Curves A’, B’, 
and C’ are for the same rotors but with a d-c excita- 
tion value approximately 67 per cent of that for the 
curves A, B, and C. Curves A”, B”, and C” are 
for the same rotors but with a d-c excitation value 
approximately 33 per cent of that for curves 4, 
With particular reference to figure 6 where there 
are shown 3 separate sets of curves, each with differ- 
ent current values, it will be noted that the maximum 
torque point occurs at a higher speed at each succes- 
sive increase in d-c excitation. This is to be ex- 


Fig. 7. Eight- 
pole squirrel-cage 
motor torque 


versus slip curves 
for d-c braking il- 
lustrating —_varia- 
tion of torque for 
changes of rotor 
resistance up to 
4:1 and changes 
in d-c amperes 
supplied to the 
stator up to 2:1 
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pected due to the effect of saturation of the leakage 
paths in the rotor and the increased rotor resistance 
incident to the increase in heating occasioned by the 
securing of such curves. 

Curves A, B, and C in figure 7, as in figure 6, illus- 
trate 3 different rotor resistances with a fixed value 
of d-c braking current in an 8 pole motor, with curves 
A’, B’, and C’ representative of the similar results 
but with approximately 50 per cent of the d-c excita- 
tion value. 

In the same way figure 8 illustrates exactly the 
same results for 3 rotor resistances and 2 values of 
d-c excitation, curves A’, B’ and, C’ being taken with 
approximately 50 per cent of the d-c value used for 
securing curves A, B, and C. 

All of the foregoing curves in figures 6, 7, and 8 
may be secured by driving an induction motor 
through a dynamometer over a wide range of speed 
and measuring torque at incremental steps over this 
entire range, repeating the process for different 
values of d-c excitation. 


CHARACTERISTICS OF D-C BRAKING 


With the evidence thus far disclosed, certain gen- 
eral characteristics are fairly well established: 


1. It is recognized that the speed at which the maximum torque 
will occur may be adjusted by a change in secondary resistance. 


2. It is recognized that the slope of the braking curve from top 
speed to the maximum torque point can further be shaped by the 
inherent secondary reactance. 


8. It is recognized that the amount of effectiveness of d-c braking 
secured will be a direct function of the d-c wattage input or the 
second power of the d-c amperes. 


4. It is recognized that the shape of the speed-torque curve for d-c 
braking on squirrel cage motors is approximately correct for taking 
advantage of the change in the coefficient of friction between metal 
and a rotating conveying surface, such as between steel strip and a 
conveyor table roller. 


With regard to the point 4 above, it has been fre- 
quently observed that plug reversing a group of in- 
duction motors, as on steel mill runout tables, for 
stopping them with material on the table may result 
in'slippage of the material on the table because there 
is more braking torque available than the coefficient 
of friction and weight of material on the table can 
absorb. Consequently, slippage ensues. This may 
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be compensated for in d-c braking, partially in 
the shape of the curve and then completely by ad- 
justing the d-c excitation. 


Tests DEMONSTRATING PRACTICAL APPLICATION 


For the purpose of making practical application 
of d-c braking to a squirrel-cage motor having a 
connected load of known inertia, a series of very en- 
lightening tests on motors of the same physical frame 
size, but wound for 4, 8, and 12 poles, each with 3 
different rotor resistances, have been conducted. 

As conducted, a load of known moment of inertia 
(WR?) was applied directly to the shaft of each 
motor, so that there was no added friction incident 
to extra bearings for the external load but only the 
windage of the flywheel, which was practically neg- 
ligible. Data on starting, plug-stopping, and d-c 
braking of these motors with simultaneous readings of 
time, wattage, and current, together with the sepa- 
rately secured design and test data, are given in 
table I. 


By way of further explanation, it should be pointed 
out that the value of average effective torque taken 
in each case, represents not a figure based upon the 
area under the speed-torque curve, but a value de- 
termined by formula from the known inertia and 
measured time as follows: 


WR? X rpm 


I 308 CI 


_ (2) 

These test results may well be approached from the 
standpoint of their practical value. First, the econ- 
omy of d-c braking seems impressive. In so far as 
power input is concerned, it is apparent that the 
watts per pound-foot expended in a-c plugging in 
the most optimistic case is 3 times that for d-c brak- 
ing, as in the case of the multi-pole machine, and 
may be very much more in the case of machines 
with fewer poles and different rotors, as a ratio of 
more than 6:1 is evident on the 4-pole 1,800-rpm 
motor with a full high torque rotor. 

Figures 9 and 10 are compiled from the data in 
table I together with a vast amount of additional 
data and are meant to be representative of average 
figures of wattage per pound-foot torque for d-c 
braking and plugging, respectively. Observing these 
curves it becomes apparent that the ratio of power 
saving incident to the use of d-e braking over plug- 
ging may vary from 4:1 with a normal torque rotor 
to 6:1 with a semi-high torque rotor, or 7:1 with a 
full high torque rotor in a 4 pole motor. 

At the same time, however, it should be noted that 
the average total loss expended within the motor 
for any number of poles or any resistance rotor is 
approximately the same, and the ratio for a-c 
plugging to d-c braking is about 2.25 1. In other 
words, the economy of d-c braking as regards 
power supplied to the motors may be from 3:1 up to 
6:1 over plugging, depending upon rotor character- 


Table I—Data Obtained From Tests. Comparison of Starting, Plugging, and Dynamic Braking 
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istics and motor winding; but the net effect as re- 
gards heating of a given motor by using d-c braking 
over plugging is practically constant regardless of 
motor winding or rotor characteristic at a ratio of 
about 2.25:1 in favor of d-c braking. Greater 
liberality as regards heating, or a smaller frame 
size motor is thus permitted by the use of d-c brak- 
ing for the deceleration cycle. 

The above ratio is established from reference to 
table I, wherein the calculated kinetic energy of the 
rotating mass is converted to watt-seconds and added 
to the power input by both d-c braking and plugging. 

It should be appreciated also that it is perfectly 
practicable to apply values of direct current to in- 
duction motors for the purpose of securing up to 
4 times the braking effort that would be possible by 
applying full alternating voltages on a-c plugging. 
In other words, for duty cycle where the rate of de- 
_celeration is of primary importance but the running 
load and period for acceleration would permit of a 
lower torque motor, d-c braking is an entirely prac- 
ticable solution. 

Previous reference has been made to saturation 
effect preventing the effective braking torque from 
being a function of the square of the direct current 
applied, or a direct function of the d-c wattage. This 
is illustrated in figure 11, which shows the variation 
in watts per pound-foot braking torque for an 8-pole 
squirrel-cage motor with a semi-high torque rotor, 
taken over a 9:1 range. This particular case covers 
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approximately 31/2 times the value of braking torque 
which would be secured by plugging this motor at 
full voltage. : 


CALCULATION OF CURRENT AND VOLTAGE 


In conclusion, it may be in order to point out an 
approximate means of calculating the current and 
wattage necessary for d-c braking a given load in a 
given time, independent of the additional retarding 
effect of the friction and windage of the motor and 
its load. 

The assumed case will be a 6 pole motor using a 
semi-torque rotor with a connected load having a 
moment of inertia (WR?) of 300 pounds-feet-squared 
connected through a reduction ratio of 4:1 and run- 
ning from a 60 cycle supply at 300 rpm. The motor 
and its load are to be stopped in 1.5 seconds. The 
motor has a terminal resistance of 2.8 ohms. — 
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First it must be borne in mind that the inertia 
of the entire system must be referred to a common 
reference point, preferably the motor; second, that 
inertia transfer is accomplished through applying 
the square of the reduction ratio. | 

So to take the case at hand, the total inertia re- 
ferred to the motor would be calculated as follows: 


Moment of inertia of load, WR? = ue = 18.7 
Moment of inertia of motor rotor, WR? = 1.5 
Moment of inertia of gear, WR? =) (0).33 


Total moment of inertia = 20.5 pound-feet? 


Referring to equation 2, the continuous braking 
torque is calculated as follows: 


_ 20.5 X 1200 


—— 308 X15 53.3 pound-feet 


Referring to curves in figure 9 giving a relation 
between poles, rotor characteristic, and watts per 
pound-foot torque for d-c braking for the subject 
case, a constant value of approximately 48 watts 
per pound is determined. 

Then the power input to brake this load by direct 
current would be: 


48 X 53.3 = 2,560 watts 


Since watts equals J?R, and R is the resistance be- 
tween 2 terminals of the a-c stator, then the d-c 
braking current would be 


watts 
l= R 
2,560 
l= “oie 30.2 amperes 


Thus, 30.2 amperes is the required value of direct 
current for the stator of this motor. To produce 
this current it is necessary to have a potential of IR, 
or 30.2 X 2.8 equals 85 volts direct current. 

Thus, it is deduced that a 2.56 kw input at 85 
volts direct current applied to 2 terminals of the 
stator of a 6-pole semi-high torque rotor motor 
should brake it with its load in 1.5 seconds, irrespec- 
tive of the friction which tends to assist in the brak- 
ing effect. 

The consideration of the strictly theoretical as- 
pects which will lend themselves to calculation in 
order to predict accurately the full d-c braking 
speed-torque curves, may well be made the subject 
of further papers before the Institute. 
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Engineering Features of the 


Boulder Dam-Los Angeles Lines 


Marking a new milestone in the history of 
the transmission of electric power, the 275 
kv system that will transmit power from 
Boulder Dam to Los Angeles, Calif., em- 
bodies many novel engineering features. 
These features are discussed in this paper. 
The paper includes not only a description 
of the line and the terminal equipment 
and facilities, but also a discussion of the 
effects of the characteristics of each portion 
of the system on the performance of the 
system as a whole. The engineering 
studies and laboratory research on system 
stability, corona, high voltage impulses, 
lightning, conductor vibration, tower 
stresses, footing uplifts, and other factors 
are described, and the use of such data 
in the selection of line voltage, conductors, 
insulation, clamps, lightning protection, 
towers, and appropriate generating, trans- 
forming, and receiving end equipment is 


shown. 
By 
E. F. SCATTERGOOD Bureau of Power and Light, 
FELLOW A.1.E.E. Los Angeles, Calif. 


| fees Boulder Dam transmission system 
of the Bureau of Power and Light, Department of 
Water and Power, of the City of Los Angeles, Calif., 
will serve to transmit its allotment of power from 
Boulder Dam to Los Angeles, a distance of 266 
miles, and consists of 2 60-cycle 3-phase circuits 
with a nominal line to line voltage of 275 kv. In the 
more or less built up section adjacent to Los Angeles, 
40 miles of the line is carried on double circuit steel 
towers. The remainder of the line is carried on 
single circuit steel towers, with the conductors in 
horizontal configuration. Two sectionalizing switch- 
ing stations are located at 1/3 points. 

Approximately 60 miles of the single circuit tower 
portion of line extends through mountainous terri- 
tory, encountering 3 main mountain passes, at eleva- 
tions of 4,862, 4,419 and 3,809 feet above sea level. 
A paper recommended for publication by the A.I.E.E. committee on power 
transmission and distribution, and scheduled for discussion at the A.LE.E,. 1935 


summer convention, Ithaca, N. Y., June 24-28, 1935. Manuscript submitted 
Feb. 18, 1935; released for publication March 1, 1935, 
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Approximately 166 miles of the single circuit line is in 
desert territory of a hilly or flat topography, with a 
prevailing elevation of 2,000 to 3,000 feet. At least 
225 miles of the line is subjected to the sparse and 
erratic rainfall associated with the desert. Such 
rainfall, at times, is of cloudburst proportions. The 
remainder of the line is in territory having the sea- 
sonal but somewhat limited rainfall experienced in 
the coastal plain of southern California. The desert 
section is subject to lightning storms at a frequency 
of 20 to 30 storm days per year. 

The desire to achieve the utmost in high standards 
of continuous service, and the fact that this line will 
provide a relatively large portion of the total system 
power of the Bureau of Power and Light has made it 
necessary to regard reliability as the foremost con- 
sideration in the design of the line. A very liberal 
policy has been followed in conducting research to 
develop or verify and refine each step in the design of 
the line, and in establishing safety factors in order 
that the desired reliability might be assured. The 
newly developed features of the line, therefore, not 
only have a definite purpose, but have their perform- 
ance well verified in advance by exhaustive investi- 
gation. The care in design has been carried on into 
the purchase and routine testing of the materials 
before they are incorporated into the line. 


SYSTEM VOLTAGE AND EQUIPMENT CHARACTERISTICS 


The earliest preliminary thought about this 
line centered on the use of 220 kv as the nominal 
rated voltage. At that time the state of the elec- 
trical art was such that the means of determining 
the dynamic stability or power limit of a transmission 
system had not been developed, and the proper 
method of determining the static power limit was a 
subject of discussion. It was realized that the most 
important factor in determining the voltage of the 
line was the power limit. In order definitely to 
obtain the required reliability, the ability of the 
system to withstand various types of disturbances 
without losing synchronism had to be determined. 
Such studies involve the terminal equipment and 
lay the basis for the selection of such equipment as 
well as line voltage. From a knowledge of the rela- 
tive cost and the relative performance at each 
voltage, came the decision to use 275 kv. 

In this work, methods of calculation were devised! 
that followed the fundamental theory set up in 
various papers on this subject®**, Certain refine- 
ments were taken into account by setting up the 
circuits in terms of general circuit constants includ- 
ing all line characteristics and the exciting current 
and reactance characteristics of the terminal equip- 
ment. In addition, an approximate but fairly ac- 


1. For all numbered references see bibliography at end of paper. 
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curate method was devised of taking into account the 
characteristics of the load, by having the power com- 
ponent of the portion of the load admittance that 
represented induction motor load to increase in- 
versely as the square of the voltage during dis- 
turbances, thus more closely representing the action 
of such load in consuming constant power, and 
drawing increased current as the voltage drops during 
synchronizing action on the system. Such motor 
load was assumed to comprise 40 per cent of the total 
load. In making these studies, the problem was 
reduced to a 2 machine problem, and the method of 
calculation was one giving results directly without 
making use of the point to point method of calcula- 
tion and plotting time-angle curves. 

Power limits are affected by many factors subject 
to variation, such as mechanical and electrical 
characteristics of the synchronous apparatus at each 
end of the line, frequency, voltage, spacing of con- 
ductors, location, type and duration of fault, number 
of sectionalizing points and manner and time re- 
quired in switching faulted sections, nature of load, 
voltage drop between ends of line, reactance of 
transformers, and many other less prominent vari- 
ables. As the preliminary work progressed, certain 
preliminary conclusions and assumptions became 
quite obvious and narrowed down the field to be 
investigated. These may be stated as follows: 


1. The power limit is increased appreciably as the reactance be- 
tween the internal voltages of the synchronous machine groups is 
reduced. 


2. Corollary to the above, low reactance generators with large in- 
ertia effects were found to increase the power limit more than 40,000 
kw, which justified the assumption of using the most liberal design 
of generators obtainable. 


8. Sudden increasing of the reactance, such as occurs when a faulted 
line section is switched out, reduces the power limit very materially; 
hence it is essential that results be obtained principally for this case. 


4. Three line sections are necessary, as the increase in power 
limit over that obtained by using 2 line sections is worth many times 
the investment in an additional switching station. 


5. Within practicable limits, changes of spacing, diameter, or re- 
sistance of the conductors have negligible effects on the power 
limit. 

6. Because of the effects of the equipment, the power limit varies 
almost directly as the transmission voltage, for lines of this length. 
7. The fastest possible switching is exceedingly desirable to increase 
the power limit. 


8. For the system arrangement contemplated for these lines, a 
fault near the sending end bus and involving one section of line to be 
switched out generally reduced the power limit to the lowest value. 


9. Excepting for fault durations of less than 0.1 second the power 
limits for 3-phase faults are so low that it would not be considered 
economical to design the system to remain in synchronism for such 
conditions. 


The rating of the system, that is its reliable trans- 
mitting capacity, of necessity depends on the 
criteria set up as to the type of fault that the system 
successfully must handle. Since a 3 phase fault is of 
exceptional occurrence and would be still less likely 
with reasonably rapid switching, and since it pro- 
duced relatively low power limits, it finally was de- 
cided that the system would be rated on the load it 
could carry and not lose synchronism when subjected 
to 2 conductor-to-ground faults at the most un- 
favorable location, when the fault was removed by 
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switching out a section of line in 0.2 second. When 
this switching duration was set it was considerably 
more rapid than generally seemed possible of achieve- 
ment. However, confidence in this possibility was 
rewarded by switches and relays finally being 
supplied that will limit the fault duration to less 
than 0.11 second. 

A single line diagram of a typical system setup is 
given in figure 1. Every element shown in the dia- 
gram was subject to variation in the study, which 
makes the tentative list of assumptions too long to 
include. The 2 groups of synchronous machines at 
the receiving end were combined into one equivalent 
machine. The load kept its separate identity. 

In accordance with preliminary system studies,° 
it was desirable to transmit a load of approximately 
240,000 kw to one receiving station. The first 
stability studies at 220 kv, using 2 circuits and 300,- 
000 kva of low reactance generators, gave a theoreti- 
cal power limit of the order of only 150,000 kw. If 
the generator ratings had been reduced accordingly, 
the value would have been still lower and more un- 
satisfactory. Further studies indicated that where 
under certain circumstances 3 220 kv lines would 
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have a theoretical power limit of 280,000 kw, 2 
275 kv lines would have a power limit of 265,000 kw 
and would transmit power at a cost per peak kilowatt 
of approximately 17 per cent less. Although more 
power could be transmitted by using a higher voltage, 
such as 330 kv, the use of such a voltage would result 
in excessive costs, because of the large diameter of 
conductor required, and would not be as economical 
per peak kilowatt. Since the 275 kv lines were the 
most economical and fitted in best with the desir- 
able size of receiving station already established, this 
voltage was selected. 


SENDING END EQUIPMENT 


The present system of the Los Angeles Department 
of Water and Power operates on a frequency of 50 
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Fig. 2. Stability curves for 60 cycle operation of 
system with a 3 phase fault at sending end 


cycles per second. There were many reasons, from 
the standpoint of engineering and practical eco- 
nomics for both the system and the consumer, that 
made a change-over to 60 cycles attractive. If such 
a change were to be made, it obviously should be 
made at the time of bringing in such a large amount 
of new power. Other reasons, of a nonengineering 
nature, delayed the possibility of an early decision, 
so that much of the work had to be done for both 
frequencies and the earlier equipment specifications 
and purchases had to be made so as to permit the 
use of either frequency. 

A typical set of stability curves for 60 cycle opera- 
tion is shown in figure 2. All curves are for the 
condition where the fault is on a line section just out 
from the high voltage bus at the sending end. If no 
line sections are lost, the short circuit would be on 
the bus. All curves were calculated and drawn for 
the 3 phase fault condition as this saved consider- 
able work in calculation and served for comparative 
purposes. In addition, a great many calculations for 
2-phase-to-ground faults had indicated that for such 
a system as this, the permissible duration of a 2- 
phase-to-ground fault for the shorter switching times 
was 4/3 that of a 3 phase fault at the same load. 
The .curves, therefore, were made to serve for 2- 
phase-to-ground faults by adding a new scale at the 
right-hand side of the graph, giving such approximate 
durations. 

From the foregoing curves and other similar ones, 
were ‘plotted the data given in figure 3, where the 
curves show power limits, in accordance with the 
criteria set up for line rating. For the particular 
system setup used, the inertia constant H used as 
abscissa is given by the relation? 
A.X 0.462 X ve (= y = 74 


WR? spm , 2 
250,000 1,000 ) 


| 1,000,000 \ 1,000 

where W is the weight of the rotating parts of one 
machine in pounds, R is the radius of gyration in 
feet, and rpm is the synchronous speed of the genera- 
tor in revolutions per minute. 

The lowest practicable transient reactance that 
could be obtained in designing a generator for straight 
50 or 60 cycle use was about 21 per cent, while a 
generator suitable for operation at either frequency 
would have reactances of 21 and 17.5 per cent at 50 
and 60 cycles, respectively, if the rating were held at 
the same value in both cases. The maximum value 
of moment of inertia (WR?) that could be worked 
into the design was a function of the runaway speed 
of the water wheels, being larger for the lower speed. 


Be 
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A tabulation of data for the 5 typical generators is 
given in table I. 

An important point in the selection of the genera- 
tors of table I is that the turbine used on the double 
speed machine has such dimensions that its maxi- 
mum overspeed is lower than that of a single speed 
design with the same synchronous speed, which, to- 
gether with the reduced reactance, gave a more 
favorable 60 cycle condition than a machine de- 
signed exclusively for 60 cycles. The frequency 
decision could not be settled at the time the genera- 
tors were specified; however, as the most probable 
frequency would be 60 cycles, and as the power limit 
at 50 cycles was adequate, the double frequency 
machines fulfilled requirements very satisfactorily. 
As the switching time has been decreased from that 
shown in table I to 0.11 second, the power limits 
have been increased, still further. As these theoreti- 
cal limits have no safety factor, the actual operating 
capacity has been fixed at 80 per cent of the theoreti- 
cal figure to allow for imperfection of assumptions in 
calculation and to allow for general system hunting. 
Such rating is 235,000 kw. 

In fixing the rating of the generators, one is faced 
with the fact that if the rating were made in exact 
accordance with the kilovoltamperes required for 
normal peak, the machines would ‘be smaller than: 
those of table I and no longer would permit the re- 
quired power to be transmitted because of their 
higher reactance. Therefore, the. method of ob- 
taining low reactance consisted partly of using in- 
creased rating. This increased rating serves other 
functions, namely, stand-by capacity in the power 
plant and also for emergency operation, when 
because of failures in other power sources it is desir- 
able to transmit larger amounts of power over this 
system, even at the risk of losing synchronism if a 
fault should happen. Such emergency rating is 
300,000 kw delivered,’ requiring 4 82,500 kva 
generators for the 2 circuits. : 

The generators finally selected are 40-pole vertical 
water-wheel-driven machines, with main exciter and 
pilot exciter on the same shaft, and are rated 150/180 
rpm, 13,800/16,500 volts, 50/60 cycles, 82,500 kw at 
unity power factor. They are provided with amor- 
tisseur windings and have the type of..insulation 
designated as Class B on the armature and field. 
(Class B insulation consists of inorganic materials 
such as mica and asbestos in built-up form combined 
with binding substances.) At 50 and 60 cycles, re- 
spectively, the short circuit ratios are 2.28 and 2.74 
and the transient reactances are not more than 21 
and 17.5 per cent. The flywheel effect of each 


Table I—Generator Characteristics and Power Limit for 5 


Generators 
Frequency, Theoretical 
Cycles Per Over- Power 
per Cent Speed, speed, WR? Limit/(KW) at 
Second Reactance Rpm Rpm _  Lb-(Ft)2 H 0.15 Sec 
CO Meese ere oO SUL a iak, LOS ne oa 301,000 
LS errs eek s LST ONO DU aeyeo: 19.5 297,000 
COR ela eed DO) 7 2805,. 127) 21.1 273,000 
600. 2k) ye SO) ..335.. 80 19.2 271,000 


50/60. .21/17.5..150/180. .320..110 ; .18.3/26.3. -291,000/280,000 
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generator will be not less than 105,000,000 pounds at 
a radius of one foot. The load on the thrust bear- 
ing is of the order of 1°/, million pounds. The 
total weight of the generator is about 2,000,000 
pounds. Because of the long time constant of such 
machines, and the rapid switching contemplated, 
there was no need for the highest possible rates of 
excitation, so the exciter response was set at 0.5. 
The over-all diameter is 40 feet and the over-all 
height above the generator floor line is 22 feet. 
The rating of the turbines under the minimum head 
of 420 feet is 90,000 horsepower, corresponding to a 
generator output of 65,000 kw, which with 4 machines 
provides for the normal reliable peak capacity of the 
line. However, as the head is increased larger 
outputs become available. For all heads in excess 
of 525 feet the turbine can deliver the full rating of 
the generator corresponding to an output of the 
turbine of 115,000 horsepower. 

Two generators are connected to each transformer 
bank consisting of 8 55,000-kva water-cooled 287,- 
500 Y/16,320-volt single-phase transformers. The 
high voltage windings are of the circular coil non- 
resonating type and are designed to withstand a 
1'/.x40 microsecond impulse voltage sufficient to 
flash over an 88 inch rod gap on the tail of the wave. 
The impedance is as low as practicable and will not 
exceed 10.75 per cent; the exciting current at 
normal voltage is 4.5 per cent and the full load ef- 
ficiency is 99.31 per cent. The transformers each 
require a floor space 13 by 21 feet and their over-all 
height is 32 feet. The total weight of each trans- 
former is 38; 000 pounds of which 150,000 pounds is 
oil. 


Be ceive END EQUIPMENT 


The generally accepted. method of controlling 
tratismission line voltage is to operate with fixed 
voltages at the sending and receiving ends. Voltage 
regulators for the generator hold fixed voltage either 
at the generator terminals or are cothpensated to the 
high voltage bus at the sending end. Synchrotous 
condensers or other synchronous machines are fe- 
quited at the receiving end.’ The regulators for 
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Eg/Er = Voltage ratio (sending to 
receiving) 
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CONDENSER CORRECTIVE CAPACITY REQUIRED 


200 300 

NET LOAD TRANSMITTED IN MEGAWATTS 
Fig. 4. Synchronous condenser corrective capacity 
required for operation at 60 cycles (transformers 


included) 


these machines usually are compensated to hold fixed 
voltage at the load bus or the incoming voltage bus, 
depending on system connections. The exact 
amount or points of compensation have not been 
decided. Such methods of operation are equivalent 
to operating on a fixed voltage ratio circle on a re- 
ceiving end circle diagram for the transmission line 
and equipment between the constant voltage points. - 
From such a circle diagram, and the known char- 
acteristics of the system load, it is possible to esti- 
mate the required condenser capacity for all loads. 
Such a set of curves for the Boulder Dam system is 
given in figure 4. The curves are for full 2 circuit 
operation and. for operation: with one section out, 
designated as 1?/; circuits. The controlling points 
are the lagging requirement at very light loads and 
the leading requirement for the emergency rating of 
300,000 kw delivered. Normal synchronous con- 
denser design produces machines that have a lagging 
rating of 40 to 60 per cent of their leading rating. 
It. is best, therefore, to select the voltage ratio be- 
tween the 2 ends of the line of such value that ap- 
proximately, this adjustment is obtained. In this 
system the. voltage ratio of 1.05 approximately does 
this and.also approximately adheres to the estab- 
lished voltage'ratings of equipment where the maxi- 
mum operating voltage is 115/110 of the nominal. 
This latter ratio of 287,500 to 275,000 volts between 
sending and receiving ends was adopted. On this 


. basis approximately 240,000 kva leading is required 


to deliver 300,000 kw and 115,000 kva lagging is 
required at zero load. There is the possibility that 
when emergency loads are being carried the voltage 
ratio can be increased, and approximately 200,000 
kva of condenser capacity will be sufficient. This is 
very close to the requirement necessary to transmit 
the normal peak of 240,000 kw over the system with 
one section of one line out of service. At 50 cycles 
the requirements were about the same for high 
loads, but about 20,000 kva less lagging capacity 
was required at zero load. The capacity used to 
permit of the emergency rating essentially gives 
sufficient capacity to have the equivalent of a spare 
machine during ordinary operation. 


497 


The stability problem also entered into the selec- 
tion of the proper equipment characteristics at the 
receiving end. For this purpose stability curves 
were plotted showing the effects of reactance of the 
autotransformers, reactance, and inertia of the 
condensers, location of fault, and fault duration. 
Some results were obtained without consideration of 
- the auxiliary or stand-by steam plant. 

The section of line at the receiving end included 
the same length of line as the other sections and, in 
addition, included the reactance of the autotrans- 
formers. Studies in connection with the generators 
had indicated that a sending end fault represented 
the worst operating condition. In studying the 
receiving end equipment, variations were made in 
such equipment and results obtained for faults at 
each of 3 locations, namely: sending end, losing 
adjacent line section; receiving end, losing receiving 
end line section; fault 180 miles (?/; point) from 
generator, losing receiving end section. For any 
given setup, the sending end fault gave the lowest or 
controlling power limits or line ratings. The re- 
ceiving end faults gave the highest power limits. 
. The 180 mile fault gave limits slightly in excess of 

those for the sending end. For fault durations of the 
order of 0.1 second the power limits for the 180 mile 
fault were almost equal to those for sending end 
faults, and for quicker switching would be slightly 
less and thus establish the rating. For the switching 
times involved in this study, these results indicated 
that the proper correlation had been obtained in 
setting the electrical length or reactance of each 
section. 
Decreasing the reactance of the autotransformers 
from 10 per cent to 7 per cent at 50 cycles increased 
the theoretical power limit 11,000 kw for sending end 


Fig. 5. Cross sec- 
tion of conductor 
selected 

Area of cross section 
512,000 circular 
mils 

Wall thickness: 
maximum 115 mils; 
minimum 80 mils 


Number of segments, 
10 


faults and about 15,000 kw for 180 mile faults, for 
the fault durations under consideration (0.14 and 
0.11 second). For 60 cycles, decreasing such re- 
actances from 12 to 8.4 per cent increased the power 
limits 14,000 and 20,000 kw, respectively, for the 
preceding 2 fault locations. Obviously such im- 
provement is worth more than the increased cost of 
low reactance transformers so autotransformers of 
the lowest practicable reactance were purchased. 

Two types of synchronous condensers were con- 
sidered, one having a transient reactance of 34 per 
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cent and a moment of inertia (WR?) of 1,500,000 
pounds at a radius of one foot, and the other having 
50 per cent reactance and a moment of inertia of 
1,250,000 pounds at a radius of one foot. In all 
cases, whether considered with or without auxiliary 
steam plant at the receiving end, it was found that 
the smaller high reactance machine gave the higher 
power limits. In either case the difference was small, 
being of the order of 3,000 kw. Under such cir- 
cumstances, the lagging requirements controlled 
the selection of the condensers; and as the 50 per 
cent reactance machine satisfied these requirements, 
there was no object in purchasing more liberal 
equipment. 

Within the range of the switching times con- 
sidered, and for the final resulting system setup, the 
improvement in theoretical power limit is about 
3,000 to 5,500 kw for each 0.01 second reduction in 
fault duration. On the basis of such improvement 
in performance, the selection of the most rapid 
switches, developed with an over-all switch and relay 
time of not more than 51/, cycles, was made. With 
such switches the theoretical power limit in accord- 
ance with criteria previously referred to is 292,000 
kw. A more detailed description of all the receiving 
equipment will be given in connection with the 
consideration of the receiving station. 


DIAMETER OF CONDUCTOR 


For the voltages under consideration for this line, 
the primary consideration in the choice of conductor 
diameter is corona loss. In general, the diameter 
that will give an economical value of corona loss 
will be large enough but the amount of material re- 
quired to construct such a conductor is likely to be 
more than is needed for conducting the currents that 
will exist in such a line. 

No corona loss data were available for cables 
larger than approximately 1.1 inches in diameter.® 
Such tests indicated that existing corona loss for- 
mulas did not give accurate results for cables of such 
large diameter, particularly in the low loss portion of 
the curve which is the part a designer is most inter- 
ested in. Accordingly, tests were made at the Ryan 
high voltage laboratory at Stanford University on 
stranded cables with diameters of 1.125, 1.49, and 
2.00 inches to study the effects of diameter, condition 
of surface, spacing, atmospheric conditions, effects 
of cleaning, and other factors that would be per- 
tinent to the selection of conductors for voltages 
ranging from 220 to 330 kv.’ Further data on 
effects of surface conditions, temperature, humidity, 
and barometric pressure were provided by graduate 
student investigations in the same laboratory.®? 

Such laboratory tests cannot be conducted under 
exactly the conditions that will be encountered along 
the line, that is, the temperatures and barometric 
pressures will be different, as well as other less well 
known variables such as dust, humidity, and surface 
conditions. Furthermore, unless a great many 
cables were tested, it is likely that none of the sizes 
tested would be the final choice. In order to make 
use of fewer tests and in order to be able to make the 
design fit the line conditions, it was desirable to 
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derive a method of calculating losses that would agree 
with the tests and that could be used with some as- 
Berarice for all the conditions anticipated along the 
mine. 1° 

A preliminary study of various designs of con- 
ductors was made to form the basis of an economic 
study to determine the proper conductor diameter 
to use. From data pertaining to the lighter designs, 
complete estimates of annual cost were made, after 
having determined the most economical combina- 
tion of span and tension for each form and size of 
cable under consideration. The effects of conductor 
weight, strength, and diameter on tower and insula- 
tor costs were included, as well as those things 
directly pertinent to the conductor such as con- 
ductor cost, resistance, and corona losses. In this 
study the probable elevations and temperatures of 
the line were taken into account. 

In the region of minimum cost, the annual cost of 
the conductor varies very gradually with the diame- 
ter. The corona tests had indicated that some 
uncertainties creep into the conditions that affect 
corona, so it is desirable to use some safety factor in 
the selection of the diameter. The economic choice 
in general comes near the knee of the corona loss 
curve. Atsuch a point a small change in the uncon- 
trollable and least known conditions makes large 
changes in the corona loss and could increase the 
annual cost possibly 30 per cent. Because of the 
relatively flat form of the cost curve, it was deemed 
advisable to be liberal by selecting a conductor diame- 
ter 0.1 inch larger than the theoretical but slightly 
uncertain diameter economy would dictate. From 
these studies the diameter of the conductor was fixed 
at 1.4 inches. 

These preliminary corona and conductor studies 
provided appropriate information for making line 
estimates at various voltages when voltage selection 
was under way. 


TYPE OF CONDUCTOR 


Conductor studies had indicated that when all 
features of cost were considered, the most economical 
cross section of a copper conductor of 1.4 inches in 
diameter was of the order of 500,000 circular mils, 
and that the maximum tension should be 40 per cent 
of the ultimate strength. The main influences on 
these values were those involving mechanical loading. 

Essentially 6 different designs of cable were offered 
to meet the requirements of the line conductor: 


Type A. A copper conductor weighing 2.226 pounds per foot, made 
up of a 7 wire strand surrounded by 6 twisted I beams with a single 
layer of round wires over all, this outer layer containing 30 wires 
each 0.125 inch in diameter. 


Type B. A copper conductor, weighing 2.545 pounds per foot, 
made up with an inner structure composed of a central tube sur- 
rounded by layers of smaller tubes, with a single outside layer of 37 
solid round wires each 0.104 inch in diameter; a variation of this 
conductor having thinner walled tubing and weighing 2.387 pounds 
per foot also was considered. 


Type C. A hollow copper conductor weighing 1.57 pounds per foot, 
made up of 10 interlocking segments forming a self-supporting tubu- 
lar structure; a similar conductor of heavier section weighing 2.3 
pounds per foot also was considered. 


Type D. An aluminum conductor, steel reinforced, weighing 1.852 
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pounds per foot containing 66 aluminum wires 0.1355 inch in diame- 
ter and 19 steel wires 0.117 inch in diameter; a conductor weighing 
1.44 pounds per foot similar to this, excepting that a hemp filler of 
0.213 inch radial thickness is used between 19 0.086 inch steel wires 
and 50 0.1355 inch aluminum wires, also was considered. 


Type E. A copper conductor weighing 2.667 pounds per foot, of 
standard single-twisted I-beam construction, having 2 layers con- 
taining 66 wires 0.1077 inch in diameter. 


Type F. A hollow copper conductor, weighing 1.80 pounds per 
foot, made up of 12 segments, grooved to take an oval wire acting 
as a tongue between adjacent segments. 


Typical cross sections of these various cables are 
shown in figure 1 of a paper entitled “‘Corona Losses 
From Conductors of 1.4 Inches in Diameter.”’ 4 

In selecting the conductor, comprehensive and 
accurate estimates of annual costs were worked out 
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for each type for various tensions and span lengths, 
so that comparisons would be made between the 
most economical uses of each type. The lighter con- 
ductors showed savings of the order of 12/2 per cent 
over the heavier types, partly due to conductor price 
and partly due to the higher cost of towers and 
supports for the heavier conductors. 

Comparative corona tests were made”! and type C, 
the interlocked segmental type of hollow copper 
conductor, showed the lowest losses and preferable 
characteristics, although all conductors, as was an- 
ticipated, had low losses at the operating voltage, 
even with some allowance for elevations. 

Because of the low weight for the diameter in- 
volved in all these cables, it was thought necessary to 
give due regard to the tendency for conductors to 
vibrate in light winds!” 1% 4. Asa preliminary test 
to assist in the selection of conductors, a wind tunnel 
was used that provided an orifice 50 feet long and 2 
feet high which was so baffled and controlled as to 
produce a quite uniform wind velocity across cables 
hung in front of the opening. In this manner the 
tendency of the cable to vibrate under the same type 
of forces and at the same tensions as in actual 
practice was simulated closely. Although from its 
diameter-weight relation, the light hollow copper 
cable might be expected to give greater amplitudes 
under such conditions, it actually gave the same 
amplitudes as the heaviest I beam type of con- 
ductor; this indicated a considerable degree of 
self-damping, a fact that was confirmed by later - 
tests. 
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These data together with the successful operation. 


of similar cables in Germany, led to the selection of 
the cable as previously described under the design- 
nation “type C’; a cross section of this cable is 
shown in figure 5. The copper area is 512,000 cir- 
cular mils. As a permanent lubrication between 
segments, graphite is introduced between the sur- 
faces of the interlocking tongue and groove. The ex- 
terior of the cable is washed and cleaned thoroughly 


as was indicated to be necessary from the corona 


tests. The ultimate guaranteed tensile strength is 
21,600 pounds. 


VIBRATION STUDIES FOR CLAMP DEVELOPMENT 


Having selected the cable, the next procedure was 
to determine accurately all the vibration char- 
acteristics of the cable, in order to ascertain what 
features had to be incorporated into the design of the 
clamps to be used therewith so that the possibility of 
fatigue failures would be eliminated. It had been 
decided to follow this program irrespective of what 
type of cable had been purchased for the line, as it 
was believed that the large diameter entered into a 
new range of stress relationships that had a bearing 
on fatigue failures. 

The wind tunnel tests were continued, to introduce 
refinements and perfection of technique and’ to 
study the effects of variation in tension. Asa stand- 
ard of comparison, tests were made also on the 1.00- 
inch double-layer I-beam type of conductor used by 
the Pacific Gas and Electric Company, for which a 
considerable amount of field data was available, !2 
It was not found possible to obtain as large ampli- 
tudes as found in the field, possibly because of the 
absorption of energy at the ends being large with 
respect to that imposed by the wind on such short 
lengths of cable. 

The tendency of the cable to vibrate in conform- 
ance with recent theory as regards frequency and 
loop lengths was established. Where the wind fre- 
quency was not exactly resonant with possible loop 
frequencies, beat note effects were observed due to 
the nearest possible loop frequencies. There was a 
marked increase in vibration amplitude at any given 
wind velocity or air eddy frequency as the conductor 
tension was increased. 

Because the tunnel tests apparently did not pro- 
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duce as high amplitudes as would be obtained under 
actual operating conditions, it was decided to make 
measurements on actual full length spans with 
natural wind. A site near one of the construction 
camps was selected as being most favorable for 
producing such vibration. The country is of even 
topography for many miles either side of the line and 
the prevailing winds are at right angles to the line. 
Standard suspension towers (3) were used to support 


Fig. 7. Cable testing frame for 
studying bending properties of 
conductor 


2 fullspans; 100 feet beyond these towers temporary 
poles were erected for dead end connections. The 
recording devices were installed at the middle tower. 
Records of vibration were obtained for 2 values of 
normal tension, 4,350 and 6,500 pounds. 

For obtaining the vibration records 2 photographic 
recorders were used. One recorder having a single 
element records the movement of the conductor 
6 feet from the center of the suspension clamp, 
indicates time in 5 second intervals,¥and shows the 
direction and velocity of the wind. The other 
recorder has 2 elements and records simultaneously 
the movement of both the conductor and the suspen- 
sion clamp, at a point 151/, inches from the center of 
the clamp; 5 second intervals also are recorded. 
The purpose of this record is to show the relative 
bending between the cable and clamp. 

Records are taken on standard moving picture 
film, run at a normal speed of one foot per minute, 
with the additional provision that the 2 element 
recorder automatically makes a 5 foot record at 10 
times normal speed every 15 minutes of normal opera- 
tion. The recorders are mounted on a platform 
which replaces the insulator string and is pivoted to 
move similarly in the wind. The alignment. be- 
tween cable, clamp, and recorder accurately is pre- 
served for all wind conditions. A schematic sketch 
of the installation is shown on figure 6. In addition 
to the parts shown, the installation is equipped with 
an initiating device that permits the recorder to be 
shut down except when the vibration exceeds a pre- 
determined amplitude. 

The principal conclusions that might be drawn 
from these records are as follows: 


ie The conductor vibration is extremely variable and complex 
showing considerable beat note phenomena or superposition of loop 
lengths. 


2. With few exceptions, vibration of importance occurs at very low 
wind velocities, less than 6 or 7 miles per hour. 
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3. The portion of the total time that the cable has appreciable 
vibration is of the order of 3 to 5 per cent for the lower tension and 
12 per cent for the higher tension. 


4. The maximum angle of cable movement at a node point is 0.27 
degree for the lower tension and 0.49 degree for the higher tension. 


-5. The maximum angle of relative bending between cable and 
clamp, when the phase relations are such that the cable is moving 
the same direction on each side of the clamp, is 0.033 degree for 
the lower tension and 0.1382 degree for the higher tension. 


In order to study the bending properties of the 
cable, tests were made using the rack shown in 
figure 7. For this test the cables were run over 
simple radius clamps of various radii from 28 to 
42 inches. A keeper was bolted down to clamp the 
cable in place and the clamp was oscillated by the 
eccentric and connecting rod shown in figure 7. 
As the samples were short, care was taken to equalize 
the tension on each segment. 

The essential conclusion drawn from this test is 
that for any radius longer than 28 inches, the con- 
ductor will have an indefinitely long life when the 
relative movement between the conductor and clamp 
does not exceed an angle of 0.4 degree, while at 
double this angle the life of the cable is very short. 
The actual relative bending encountered on the 
line is only about !/1. of that which the rack tests 
indicated would give long life. 

In another set of tests, various suspension clamps 
were set up in a normal position between spans one 
per cent different in length. These spans were vi- 
brated by means of 2 eccentrics with the same per- 
centage difference in their frequencies. This suc- 
cessively subjected the clamp to in-phase and out-of- 
phase vibration at the 2 ends. A recorder, similar 
in principal to that shown on figure 6, was used to 
measure the relative movement of the cable and 
clamp. It was found that for those clamps that 
provided for trunnion action at or near the center 
line of the cable, the relative bending between cable 
and clamp was about 80 per cent of that obtained with 
clamps pivoted or hung approximately 2 inches above 
the center line of the cable. 


CLAMP DESIGN 


As a result of various facts ascertained from the 
cable vibration studies and detailed analysis, a 


Free-center suspension clamp 


Fig. 8. 
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suspension clamp of novel design was evolved, known 
as the free-center type, shown in figure 8. It con- 
sists of an outer housing or shell supported by 
knife edge trunnions on strap hangers. The shell 
in turn provides knife edge support for 2 saddles in 
which the cable rides. These knife edges are 1/, 
the cable spiraling pitch apart. The malleable cast 
shell is of a form that will avoid formation of corona. 
The saddles are die cast of bronze to avoid corrosion 
and to give a supporting surface free from pits, 
projections, and blemishes in which the curvatures 
could be controlled accurately within very small 
tolerances. Attached to the cable and normally 
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Fig. 9. Cable splicing connector (only '/2 of 
connector is shown) 


free from the clamp is a center clamping piece con- 
sisting of a double conical wedge adjacent to the 
cable, which fits into the 2 halves of the clamping 
piece. In the event of a cable breaking, the central 
clamping piece engages bosses at the center of the 
shell, whereupon the conical wedge exerts clamping 
action on the cable and develops strengths in excess 
of 8,700 pounds. 

With this type of suspension clamp, the bending 
of the cable resulting from vibration is not localized 
at one point, but is distributed essentially on nearly 
uniform curvature over a full pitch length, thus 
avoiding any concentration of bending stress on any 
one segment or single place in the cable. At points 
where the bending is taking place there are no 
superposed stresses due to clamping action. 

All principal dimensions of the clamp parts were 
determined by special tests including such things as 
location of trunnion points, saddle pivots, curvature 
of saddles in both directions, length of saddles, and 
dimensions of parts in the center wedge system. 


CLamPp Lire TESTS 


During the progress of the design of the clamp and 
after the final design, life tests of this clamp together 
with other types of clamps were made and are still 
in progress. Such tests were made by driving the 
cables on both sides of the suspension clamp by 
means of an eccentric attached to the cables approxi- 
mately 6 feet from the clamp. In order to produce 
maximum bending for a given deflection of the cable 
and to avoid any trunnion action that would reduce 
the bending, the cables on each side of the clamp were 
driven in the same direction simultaneously. In this 
manner, without using unusual speeds or ampli- 
tudes, the fatigue failures could be tested with the 
kind of maximum bending that occurs for only a 
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part of the total time of vibration in actual service 
where considerable trunnion action takes place. 

By means of such tests, refinements were made in 
the free-center clamp. The superiority of this type 
of support over more conventional types of clamps 
was demonstrated. There is every assurance that 
can be afforded by laboratory testing and field in- 
vestigation that the line should be free from any 
difficulties arising from fatigue failures. 


CONNECTORS AND STRAIN CLAMPS 


In accordance with the specifications for the 
conductor, a suitable means of splicing had to be 
furnished with each length together with extra 
connectors for making field splices. The type of 
splice provided with the hollow conductor is that 
shown in figure 9. It consists of an inner supporting 
tube inside the conductor, and a double split wedge 
assembly that grips the conductor tighter as the 
pull is increased. The pulls are transferred to an 
outer sleeve by the threaded members at the ends. 
The radial wedge pressures also are borne by the 
outer sleeve. Refinements have been introduced in 
the wedges so that the intensity of grip is increased 
as the inher edge of the wedge is approached; also 
the outer threaded members are so shaped as to limit 
the bending of the cable that can occur at the wedge 
entrance so that vibration cannot cause a concentra- 
tion of stresses at such a point. The connectors are 
made of high strength bronze, so as to be free from 
corrosion, and have accurate smooth surfaces and 
sufficient strength with light weight. The light 
weight is essential in order to avoid large bending 
stresses while the vibrating cable is accelerating the 
connector. 

The dead end connector is similar to the splicing 
connector except that one half of the connector is 
replaced by a screw clevis fitting, shown in figure 10 
(part A). A similar fitting with a single wedge 
(part B) is used for the jumper loop connecting the 2 
dead ends on opposite sides of the tower arm. The 
jumper loop clamp and the strain clamp are inter- 
connected by flexible copper braid of 307,000 circular 
mils, as a shunt around the mechanical interconnec- 
tion provided by the yoke. 


INSULATION AND LIGHTNING PROTECTION 


For purposes of insulation design, the line is 
divided into 2 main sections as regards its exposure. 
The section from Cajon Pass to Boulder Dam (a 
distance in excess of 200 miles), which is on single 
circuit towers, can be considered as the lightning 
section, with lightning storm days probably not ex- 
ceeding 30 per year. The insulation scheme for 
this section is based almost entirely upon lightning 
considerations. From Cajon Pass to the receiving 
station, the remaining section of the line 40 miles of 
which is on double circuit towers, the lightning storm 
frequency is of the order of 5 storm days per year. 
This section will be subject to troubles from insulator 
leakage that arise from dust accumulated during a 
long dry season followed by fog and rains, with the 
accompanying noise and flashing over of single units, 
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at times involving the possibility of string flash- 
overs at normal voltages or switching surge voltages. 

Engineers of the Los Angeles Department of 
Water and Power have profited very considerably 
from a study of the results obtained from lightning 
research being carried on by various power companies 
and electrical manufacturing companies °~**. Con- 
sideration of the data obtained from such studies 
made it almost self-evident that in order to limit 
the number of flashovers per year to a small value 
compatible with the reliability desired for this 
line, 2 overhead ground wires per tower line should 
be used and probably some type of buried ground 
wire or counterpoise system as well, in lieu of 
trying to establish any other satisfactory form of 
tower footing grounds in such dry desert territory. 

Studies indicated that lightning can be expected 
to strike with about equal frequency the transmis- 
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Fig. 10. Strain and jumper loop 
connectors 


sion towers and the overhead ground wires. The 
danger of flashover of the insulator string is greatest 
when lightning strikes the tower. The danger of 
flashover between a ground wire and a conductor is 
greatest when lightning strikes the ground wire at 
the center of the span. Spacings at these points 
should be co-ordinated to withstand the same light- 
ning streamer voltage. 

_ In the selection of the insulator string length on a 
lightning basis, the voltage of the line has small 
influence; however, to hold the danger of a power 
arc following lightning flashover within limits pre- 
scribed by existing practice, it was deemed advisable 
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to increase the string length in proportion to the 
voltage over the present trend in 220-kv line insula- 
tion. This gave a length of the order of 120 inches. 
This same string length was confirmed for the section 
affected by dirt and fog. 

The dirt and fog problem was studied at the Ryan 
high voltage laboratory, where a wind tunnel was 
arranged so that controlled wind would carry dust 
and fog alternately past insulators while voltage was 
applied to them. The object of this test was to find 
insulator shapes that would be superior for the pur- 
pose and to determine the desirable number of 
units to use to reduce trouble from this source. 
These studies indicated a distinct advantage in 
using relatively long strings of closely coupled in- 
sulator units, such as 10 inch units with 5 inch spac- 
ing. 

In selecting the insulator units for the single 
circuit tower section, the cost of the insulator units 
and the increased cost of towers necessitated by 
those units requiring longer strings to develop the 
same impulse flashovers were taken into account. 
It was found most economical to use suspension 
insulator units 10 inches in diameter, with a hanging 
distance or pitch of 5 inches; 24 such units constitute 
a standard suspension string for both the single and 
double circuit tower sections. For suspension strings 
carrying heavier loads because of horizontal or 
vertical line angles, 22 suspension insulator units 
101/. inches in diameter with 6 inch pitch are used. 
For dead end positions on the single circuit towers, 
double strings of 22 101/, inch units with 6 inch 
pitch are used. For dead end positions on the 
double circuit towers where the maximum pulls were 
reduced by the type of loading assumed, double 
strings of 24 10 inch units with 5 inch pitch are 
used. The insulators are of resilient pin construc- 
tion. The light duty insulators have a mechanical 
and electrical ultimate strength of 11,000 pounds, 
while the heavier duty insulators have a similar 
strength of 15,000 pounds. 


CLEARANCES 


In establishing clearance distances from the con- 
ductor or other parts at line potential to the tower, 
it was desirable that arcs be confined between arcing 
horns, which are to be provided at each end of the 
insulator strings, rather than between conductor and 
tower. However, it was realized that this ideal 
would not be economical to achieve at the highest 
wind velocities assumed in the mechanical design 
of the line. The highest wind velocities would en- 
dure for such a small part of the life of the line that 
it was thought reasonable to have an impaired clear- 
ance under such circumstances. At the time it was 
necessary to set clearances for tower design pur- 
poses, the question of arcing horns had not been 
investigated completely so a fairly liberal size was 
chosen, 30 inches in diameter in the plane of swing 
(suspension type) placed one foot above the con- 
ductor. 

For all wind pressures up to 4 pounds per square 
foot (about 40 miles per hour) a full clearance of 11 
feet to the tower is maintained, which is about 10 
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per cent in excess of the point-to-plane arcing dis- 
tance equal to the insulator flashover. The con- 
ductor then is placed at its extreme position under a 
wind pressure of 12 pounds per square foot. At this 
position a clearance of 7 feet is maintained. The 
outer boundaries of the figures described by these 
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Fig. 11. Typical counterpoise layout for single 


circuit tower section of line 


radii constitute the clearance diagram. The 7 
foot flashover distance corresponds to approximately 
41/. times normal voltage, which is considered to 
be protection against switching surge flashovers. 
The same fundamental clearance diagram assump- 
tions are applied to each type of tower. These 
clearance diagrams resulted in a horizontal spacing of 
32.5 feet for single circuit towers, and a horizontal 
spacing of 40.5 feet and a vertical spacing of 24.5 feet 
for double circuit towers. 


OVERHEAD GROUND WIRES 


For the single circuit tower section, each tower line 
is protected by 2 overhead ground wires of 1/.-inch 
7-strand galvanized wire with a guaranteed ulti- 
mate strength of 18,800 pounds. At the towers the 
ground wires have a horizontal separation of 50 feet 
and are 32 feet above the main conductors, while at 
the center of the span they are 40 feet above the 
conductors. Two wires are used because of the 
advantages resulting from the decreased surge im- 
pedance, the increased coupling factor to the con- 
ductors, a more balanced relation to each conductor, 
and, most important, because of the more complete 
and reliable shielding of the conductors from light- 
ning streamers, without going to unreasonable 
heights. Surge calculations indicated that co-ordina- 
tion of flashover across an insulator string caused by a 
stroke hitting a tower, and a similar flashover caused 
by a stroke hitting a ground wire at mid-span, re- 
quired that the spacing between conductor and 
ground wire be 40 feet. Economical tower design 
then led to the location of the ground wire attach- 
ment at the tower about 32 feet above the conductor. 
It was thought that such height should give very reli- 
able shielding. Too high ground wire pulls at such 
heights were quite uneconomical. 
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Steel wire of a size that will meet the mechanical 
requirements of the line has more than adequate 
conductivity from the standpoint of lightning protec- 
tion. Investigations in other similar desert areas 
had indicated that over very long periods of time 
the corrosion of such wire was negligible. With this 
in mind the material having the lowest cost, steel, is 
used in this section. On the double circuit tower 
section there is more likelihood of corrosion occurring, 
because of moisture and fog conditions in the coastal 
plain section. For this reason, copper covered steel 
wire is used; this wire consists of 7 strands, is 7/16 
inch in diameter, and has a strength of 18,500 pounds 
and 30 per cent conductivity. Two ground wires 
are used, mounted in the same vertical plane as the 


Fig. 12. Typical suspension 
insulator assembly 


conductors, and at heights above the conductors 
similar to those of the steel wire on the single circuit 
towers. 


BURIED COUNTERPOISE 


Successful operating results achieved by a few 
power companies as a result of very limited installa- 
tion of counterpoise at exposed positions,?° made it 
attractive to consider the extensive use of the 
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counterpoise for this line, where grounding conditions 
are particularly severe. A large part of the desert 
soil is gravel, sand, or both, with the water table in 
general measured in hundreds of feet below the sur- 
face and with an annual rainfall of the order of 3 
inches. In such high resistant earth, the counter- 
poise serves to provide a low impedance conducting © 
system to permit the lightning discharge to terminate 
at the opposite charges on the surface of the earth 
under the cloud area. As an outcome of the studies, 
the counterpoise was installed in the single circuit © 
tower sections as shown on figure 11, giving 2 con- 
tinuous counterpoise wires for each tower line with 
cross ties at each tower between circuits. The 45 
degree spreading at the towers was adopted to ob- 
tain the low surge impedance advantages of the 
radial type of counterpoise, and the continuity of 
the counterpoise eliminated the possibility of end 
reflections from such points of discontinuity in the 
purely radial counterpoise. The continuity also 
has advantages in permitting the fault currents to be 
large enough to avoid too much difficulty in relaying 
the line at points distant from power sources. The 


Table II—Effect of Tower Footing Impedance on Lightning 
Streamer Crest and Flashovers 


No. Flashovers 
per Year 
per 100 Miles 
of Circuit 


Lightning Streamer 
Crest, Volts 


Tower Footings 
Impedance, Ohms 
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particular pattern adopted also facilitated the laying 
of the counterpoise by means of a specially devised 
plow and counterpoise laying machine. 

The wire used for the counterpoise is 1‘/,-inch 
diameter black rolled copper rod. This diameter 
was adopted as representing the smallest size that 
might be expected to withstand corrosion for the 
life of the line and be mechanically strong enough to 
withstand the stresses involved in laying the wire. 
The softness of the rolled copper was also an advan- 
tage in handling. 

From test data that were available”! some judg- 
ment could be formed of the value of the counter- 
poise. Theoretical values of surge impedance re- 
quired the use of a large dielectric constant for the 
soil in order to agree with the tests. By using sucha 
constant and making allowance for corona effects 
caused by the higher voltage on such wires resulting 
from natural lightning, estimates of surge impedance 
were made. All factors entering into the calculation 
of surge impedance of counterpoise systems are not 
fully understood, and no method of calculation has 
met with universal approval. However, this does 
not deprive one of the advantages of making com- 
parisons in terms of definite relative figures, even 
though the actual accuracy of such figures is subject 
to limited doubt. Taking into account the surge 
impedances of the lightning stroke, ground wires, 
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and counterpoise system, and the coupling effects 
between the ground system and the main con- 
ductors, the crest voltages of the oncoming lightning 
wave in the streamer were calculated for various 
tower footing or counterpoise surge impedances as 
shown in table II. In this table are included also the 
numbers of flashovers per year per 100 miles of 
circuit for a region having 30 lightning storm days per 
year.'® For comparison with these values, the surge 
impedances of various combinations of continuous 
counterpoise wires were estimated as follows: 


1 tower line, 1 counterpoise wire.................-. 38 to 50 ohms 
2 tower lines, 1 counterpoise wire each, cross- 

MORITICC LOG Mra raters eres he alow ote 's ters sane 8 any Sa tasvenes Sues Rraue eons 27 to 40 ohms 
1 tower line, 2 counterpoise wires..............00005 21 to 30 ohms 


2 tower lines, 2 counterpoise wires each, cross- 
ROM CCLE Caen aiey aouevete aus Rik eval eas narenOeee hevereel ste Sosa, < 17 to 25 ohms 


Considerations of reliability and relatively low 
cost of counterpoise compared with other methods of 
obtaining equal protection, that is, by use of addi- 
tional insulators, dictated a choice of 2 counterpoise 
wires per tower line, cross-connected in the single 
circuit: tower section. In the double circuit tower 
section, the lightning storm frequency is much lower 
so the double counterpoise for a single tower line will 
give excellent performance there. 

In connecting the counterpoise wires to the towers, 
it was considered inadvisable to attach the copper 
directly to the towers because of the possibility of 
electrolytic action between the copper and steel 
corroding the tower footing steel. Consequently, 
attachment is made through a spark gap that is 
essentially 2 concentric bronze cylinders with a 1/15 
inch air gap. A very small percentage of any fault 
potential will be capable of arcing over the gap and 
bring the counterpoise into action. 


TRANSPOSITIONS 


A complete transposition “barrel” is arranged 
within the sending end section and the middle section 
of the line. Transposition towers are, therefore, 
approximately 30 miles apart. Another complete 
“barrel” is arranged in the single circuit tower por- 
tion of the line beyond the second switching station. 
The double circuit portion of the line, because of 
communication line interferences, has 3 complete 
transposition “‘barrels” of 13, 4, and 23 miles. 


HARDWARE 


Aside from the suspension and dead end clamps 
that were discussed in connection with the conductor, 
the 2 main items of hardware to be considered are 
the arcing protectors and the dead end yokes. The 
principal functions of the arcing protectors is to 
avoid cascading of the insulators and burning of the 
conductors. 

The arcing horns adopted for suspension type 
insulator strings consist of a twisted and bent 
3/sx11/, inch strap arcing horn at the top or grounded 
end of the string and a ‘‘figure 8’’ horn of bent 11/4 
inch pipe at the bottom of the string as illustrated in 
figure 12. For the dead end assemblies, each yoke 
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catries on its top side an arcing horn made of bent 
11/,-inch pipe, as illustrated in figure 13. 

These particular forms of arcing horns were de- 
veloped in the high voltage laboratory of the Ohio 
Brass Company with the assistance and co-operation 


Fig. 13. Typical 
strain _ insulator 
assembly 


All dimensions are 
in inches; string 
lengths show diam- 
eter and spacing of 
individual units 


22 UNITS 105 x6 
OR 26 UNITS 10 x5 


of the engineers of that company. Impulse voltage 
tests were conducted on these devices for the purpose 
of determining the maximum separation, with the 
most favorable location of each horn tip, that could 
be obtained and have all arcs form between the horns 
and not cascade over the insulators. Similar tests 
also were conducted at an earlier date at the high 
voltage laboratory of the General Electric Company 
on the oval ring type of shield. Both types of shields 
as finally developed by these tests gave satisfactory 
performance in both flashover and protection from 
cascading. The greater tower clearances and the 
economy of the simpler horn types led to their 
adoption. 

In the yokes, which also are illustrated in figure 13, 
2 new features of design have been incorporated: 
approximately a 50 per cent increase over standard 
practice in the distance between strings, and a short 
offset distance between the pin for the strain clamp 
and pins for the ball and socket fittings to the 
insulators. The distance between strings was set at 
21 inches to try to avoid the possibility of cross- 
flashing of strings because of the poor voltage dis- 
tribution that occurs under dirt and moisture condi- 
tions. The short coupling distance mentioned is to 
obtain a long natural period of vibration in the verti- 
cal plane, so that the yoke will not be set in harmonic 
vibration within the range of vibrations existing on 
the conductor and thus introduce special bending 
forces at the entrance of the cable into the dead end 
clamps. 

The width of opening of the yoke is to accommo- 
date the dead end clamp in the position it will take 
if one string of insulators should break. The central 
inner clevis of the yoke, to which is attached the 
dead end clamp, has on its opposite side another 
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clevis opening to which can be attached a strain bar 
with turnbuckle arrangements connecting to a similar 
clevis at the other yoke, so that tension can be re- 
moved from the insulators and the whole insulator 
and yoke assembly removed for maintenance work 
without affecting the conductor. The yoke members 
are of !/, inch steel plates 5 inches wide at the center, 
and the complete yoke has an ultimate strength of 
30,000 pounds. 

The jumper loop at the dead ends is hung from a 
U bolt underneath the yoke. Its suspension 1s 
independent of the main conductor so that its swing 
angle will not be influenced by the wind movements 
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Fig. 14. Ground wire strain clamp 


of the main conductor and thus require more clear- 
ance space. The jumper loop is stiffened by the 
insertion of a 20 foot length of */, inch (iron pipe size) 
extra heavy copper tubing, so that it can be bent and 
held to the proper form to give clearance under the 
tower arm. This added weight reduces the swing 
of the loop caused by wind. The electrical connec- 
tion is made by means of the braid previously de- 
scribed. 

Special clevises and attachments were designed 
so as to keep the string lengths to a minimum. 

At all suspension towers, the ground wire is sup- 
ported on standard trunnion type suspension clamps. 
At all towers of special strength, the ground wire is 
connected by means of a special strain clamp illus- 
trated in figure 14. This clamp is designed to have 
an ultimate strength of 20,000 pounds, and is a 
modification of existing types of clamps in order to 
develop increased strength. This type of clamp was 
selected primarily in order to have a clamp that 
would have a high natural frequency of oscillation, so 
that it would follow the natural vibration frequencies 
of the ground wire without causing large relative 
bending between clamp and cable at the entrance. 


SINGLE CirRCcUIT TOWERS 


‘A diagram of a typical standard suspension tower 
is shown in figure 15. Exclusive of the footing steei, 
this tower weighs 18,100 pounds. It is designed 
for use on 1,000 foot spans and has a height to the 
cross arm of 90 feet. Its over-all height is 109 feet. 
It may be modified by leg extensions in 10 foot inter- 
vals up to 40 feet, none of which need be equal. 
Where very short towers are desired, the portion of 
the tower below the “waistline” is omitted. The 
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tower is of the narrow waisted type with a rotated 
base, that is, the base is rotated 45 degrees with re- 
spect to direction of the line. The types of towers 
are standard suspension, angle suspension for vertical 
and horizontal angles that can be taken on the heavy 
duty suspension insulator strings, strain towers for 
all large angles and other points where such construc- 
tion is required, and transposition towers which ac- 
complish the transposition of conductors at one 
tower. All towers are of the same general appear- 
ance and have the same system of lower leg exten- 
sions. 

The total number of single circuit towers in 225.3 
miles, of double circuit line is 2,422, producing an 
average span of 984 feet. The longest span 1s 1,811 
feet and the shortest 431 feet. , 

All single circuit towers are designed for the load- 
ings imposed by #/2 inch radial thickness of ice on the 
conductor, with a wind pressure of 8 pounds per 
square foot of projected area at 10 degrees Fahren- 
heit. Under such circumstances the stress in the 
conductor is 40 per cent of its ultimate strength, or 
8,700 pounds. The height of the towers is such as 


Table Ill—Tower Design Stresses 
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Stresses in Pounds per Square Inch 


Structural Steel High Elastic 


Grade Steel Grade 
Axial tension on net section...............05 20,000 22,500 
Axial compression on gross section for L/R 
Tatios Of GOlto Wl 50 s.sins acerca et 20,000-85 L/R 25,350-110 L/R ~ 
Axial compression on gross section for L/R 
ratios Of 50 Eo: 200 hse ccc as ooeie ctealelarsisrers 15,500-55 L/R_ 17,400— 57 L/R 
Maximum compressive stress.............--- 15,000 18,750 


to give a minimum center span clearance to the sur- 
face of the ground of 27 feet at a conductor tem- 
perature of 150 degrees Fahrenheit with no wind. 
The normal tension at 60 degrees is 4,370 pounds. 
Under similar loadings the maximum ground wire 
tension is 5,000 pounds, with a normal tension at 60 
degrees of 1,800 pounds. 

Suspension towers are designed to withstand 1 
broken conductor and 1 broken ground wire simul- 
taneously under maximum tension in the same span 
on the same side of the tower. Angle suspension 
towers, used where small horizontal or relatively 
large vertical angles are encountered, are designed to 
withstand under maximum load 3 broken conductors 
and 2 broken ground wires on the same side of the 
tower. Strain towers, used at large horizontal 
angles and other points of special nature requiring 
dead end construction, also are designed to withstand 
3 broken conductors and 2 broken ground wires on 
one side of the tower. The towers are designed also 
for the torques imposed by the worst case of other 
combinations of the specified broken wires. The 
wind load on the towers was specified as 20 pounds 
per square foot on 11/, times the net projected area 
of one face of the tower. 

The towers are built largely of steel having a 
high elastic limit. The schedule of design stresses is 
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given in table III. The slenderness ratio (L/R) 
was not in excess of 135 for lez members and 200 
for web members. (The slenderness ratio of a com- 
pression member is the ratio of its unsupported length 
_ to its radius of gyration.) 

In response to the specifications, several types of 
towers were offered embodying conventional designs, 
narrow waisted type, and narrow waisted type with 
rotated base. The latter design was slightly lighter 
in weight, had advantages from the standpoint of 
smaller footing reactions, and was less costly—hence 
its selection. 


DouBLE Circuir TOWERS 


A diagram of a typical double circuit suspension 
tower is shown in figure 16. Its height to the bottom 
crossarm is 75 feet, and its over-all height 144 feet. 
It weighs 23,000 Ibs. This tower with extensions in 
multiples of 10 feet, is used on normal spans of the 
order of 850 feet in the populous territory adjacent 
to the City of Los Angeles, where the minimum 
clearance to the ground is maintained at 45 feet. 
The tower is of the conventional double circuit type, 
and has the same general classification of towers as 
the single circuit type. The total number of double 
circuit towers in 40.8 miles is 257, giving an average 
span of 839 feet. The longest span is 1,620 feet and 
the shortest 331 feet. 

Double circuit towers are designed for a maximum 

pull of 8,700 pounds. The wind loading on the con- 
ductor at maximum tension is assumed at 12 pounds 
per square foot of projected area, with no ice and a 
temperature of 25 degrees Fahrenheit. The broken 
wire assumptions are 1 conductor and 1 ground wire 
broken for suspension towers, 3 conductors and 2 


Fig. 15 (below). Standard single 
circuit suspension tower 
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ground wires broken for angle suspension towers, and 
all 6 conductors and 2 ground wires broken for the 
strain towers. The basis of design is the same as for 
the single circuit towers. 


FOOTINGS 


All towers are provided with reinforced concrete 
footings of the pad and pedestal type, set in an 
undercut excavation so as to develop uplifts in largely 
undisturbed soil. A series of footing stubs of different 
lengths, capable of further limited length adjustment, 
were designed to take care of various depths of foot- 
ings to meet conditions imposed by differences in 
soil, slope of the ground, and soil erosion. The 
footings were designed for bearing, uplift, shear, 
bending caused by shear, and punching. The up- 
lifts are computed on a 30 degree cone basis. In 
connection with the footing design, full sized footings . 
were set in various types of soil and pulled to failure. 
Those in uniform soil indicated quite close agree- 
ment with the 30 degree cone theory. Attempts to 
fasten appropriate anchor bolts in hard rock did not 
give satisfactory test results, so none of the towers 
have such footings. The selection of the type and 
dimensions of footing for a given location depended 
on examinations of the character of the site as ex- 
cavation was in progress. 

A typical footing for a single circuit suspension 
tower is 7 feet deep and has a diameter at the base of 4 
feet. The reinforcing steel and the footing stub were 
put together and tack welded, so as to constitute one 
complete unit that could be placed in the holes and 
held in place by the template. Steel forms were used 
for the concrete, and in many cases were designed to 
be adjustable as to depth. The aggregate was ob- 


Fig. 16 (right). Standard double 


circuit suspension tower 
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tained from several favorable locations along the 
line. The quality of the concrete was maintained by 
checks on sample test pieces. A waterproofing com- 
pound was applied to the concrete preliminary to 
backfill. 


TOWER LOCATION 


Selection of right of way for this line was facilitated 
considerably by aerial observation and aerial map- 
ping, which together with field observation made an 
accurate ground work upon which to proceed with 
the running of center lines and profiles. 

In anticipation of the large amount of span, sag, 
and tension data that would be necessary for string- 
ing the conductors and laying out the line on the 
profiles, an improved method of calculation was 
devised that was entirely analytical, adhered to 
catenary formulas, and readily could be reduced to a 
calculation form. For most of the tower locations a 
template was used that gave the center span sags for 
maximum hot day conditions for various spans. 
Within the ordinary span lengths, this curve did not 
depart very far from the true complete catenary 
curve for any one span. When especially long spans 
were studied, special templates would be made for 
the precise condition. For the single circuit tower 
section spans were held as near 1,000 feet as was desir- 
able with due consideration to the topography. 

Office analysis and layout was followed by a field 
check to verify that such a location and tower height 
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was satisfactory from the standpoint of footings, 
safety from erosion by tloudburst, satisfactory from 
the standpoint of wire clearances to the ground, and 
other factors. Preliminary recommendations would 
be made for footings, unequal leg extensions, ex- 
cavations, and other features, or pertinent data 
would be brought back to the office for further eco- 
nomic study of such matters. After final locations 
were chosen, the footings would be located, and de- 
tailed elevations of the ground at each leg would be 
given so that a proper selection of footing stubs could 
be made. The judgment on footings would be 
rectified or confirmed as excavation progressed. 


SWITCHING STATIONS 


As was mentioned in connection with the stability 
studies, 2 intermediate switching stations are used 
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for line sectionalizing, so as to switch out faulted line: 
sections with the least possible disturbance to the: 
continuity of power flow. These stations are lo-. 


cated at almost exact 1/3 points. 


The arrangement 
of oil circuit breakers and disconnecting switches is, 


indicated in figure 17. This arrangement gives the 
required amount of flexibility for switching and 
maintenance with a minimum number of circuit. 


breakers. ; 

Switching stations are of the conventional outdoor, 
latticed column and girder type, occupying an area 
of 550x580 feet. The busses are supported with 


strain and suspension insulator strings and are con- 


structed of cable similar to that used for the line. 

Of special interest in these stations are the recently 
developed high speed impulse type of circuit breakers, 
the first and largest of their type ever built for 
commercial purposes.* Each breaker is rated at 
287 kv, 1,200 amperes, and will interrupt up to 5,000 
amperes. The over-all time of breaker action from 
energizing trip to extinguishing of the arc is not more 
than 3 cycles. The breakers have 8 contacts in 
series, housed within tubular horizontal members. 
These contacts are operated by springs, which are 
wound up by a motor driven mechanism; when the 
breaker is open the springs automatically are put in 
position to take care of the next closing and opening 
cycle. The extinguishing of the arc is accomplished 
by forcing a jet of oil across each contact at a pres- 
sure of 100 pounds per square inch. 

As installed, the switch will be 27 feet high and will 
occupy a space of 22x54 feet. The amount of oil 
required is only 2,600 gallons for a complete 3 pole 
switch, of which only 210 gallons is exposed to arcing. 

Although this circuit breaker constitutes a radi- 
cally new development, every feature of its operation 
has been investigated and tested to the satisfaction 
of all parties concerned, such tests including 60 cycle 
and impulse voltage flashover, interrupting capacity, 
voltage distribution while opening, and mechanical 
life. On each side of the circuit breakers, motor- 
operated vertical-break disconnecting switches are 
installed. 

For lightning protection, the station framework 
and all equipment are connected to a ground mat that 
is an extension of the counterpoise system. The 
overhead ground wires do not connect to the station 
framework, but are carried to isolated towers 
connected to the counterpoise system. These towers 
are 150 feet high and support the ground wires suf- 
ficiently high above the station to shield the structure 
from direct strokes. 


RECEIVING STATIONS 


Figure 18 shows a perspective sketch of receiving 
station B, the terminal of the Boulder Dam line. 
The station occupies an area of 1,600 x 677 feet. The 
central structure is the 132 kv switch rack, while the 
4 similar structures at the 4 corners are the 33 kv 
racks. The operating room, repair shops, station 
auxiliaries, and storage rooms are housed within the 
concrete building in the foreground. Adjacent to 
the 132 kv rack are 2 banks of autotransformers, each 
bank of which is connected directly to a transmission 
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Fig. 18. Receiving Station B of the Los Angeles Bureau of Power and Light, terminal of the Boulder Dam Lines 


circuit and serves to transform the voltage to 132 
kv, thus eliminating the use of 287 kv circuit break- 

ers at this station. Under the system of operation 
proposed for the lines, each of these transformer 
banks was required to have a self-cooled capacity 
under normal conditions of 120,000 kw. After carry- 
ing that load continuously, they were required to be 
capable of carrying 240,000 kw for 2 hours using 
forced air cooling when the other receiving end line 
section was out. They also had to be capable of 
carrying 150,000 kw continuously with forced air 
cooling to provide for the emergency rating of the 
line. In meeting these requirements, the actual rat- 
ings obtained for each single phase autotransformer 
were: 48,750 kw without blowers, 65,000 kw con- 
tinuous with blowers, 80,000 kw for 2 hours with 
blowers. A 13,200 volt tertiary winding of 16,000 
kva is provided for delta connection for circulating 
exciting current harmonics. These transformers 
have an impedance of 8.4 per cent at 65,000 kva, 
which is the lowest practicable impedance for the 
voltages involved. At this same load they have an 
efficiency of 99.47 per cent and a normal exciting 
current of 2.75 per cent. They are the largest auto- 
transformers ever built to date. 

Since these autotransformers are operated as 
parts of the lines, and their continuity of service is 
highly important, they will be protected on the 275 
kv side with autovalve lightning arresters, which so 
far are the highest voltage arresters ever furnished 
commercially. 

These autotransformers are connected to the 132 
kv bus by means of 4 138-kv 1,200-ampere oil cir- 
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cuit breakers of the impulse type having the same 
speed and interrupting capacity as the circuit 
breakers in the switching stations. Four series 
breaks per pole are used at this lower voltage. 
The remaining 132 kv oil circuit breakers, which 
operate on the various double-circuit belt-line inter- 
connections to 3 other receiving stations and on the 
132/34.5 kv transformer banks, are of the conven- 
tional tank type and have a speed of 5 cycles and an 
interrupting capacity of 2,500,000 kva. Each of the 
33 kv bus sections is supplied by a bank of 3 winding 
transformers. The bank rating on the secondary 
or 34.5 kv winding is 80,000 kva, which load is ap- 
proximately at 0.75 to 0.80 power factor. The 
tertiary windings have a rating of 60,000 kva at 
13,200 volts and are designed to be connected to the 
synchronous condensers, which furnish correction so 
that the primary windings operate at or near unity 
power factor with a rating of 60,000 kva. These 
transformer banks are connected star-star with a 
delta tertiary connection. At 70,000 kva these 
transformers have a primary to secondary impedance 
of 10.8 per cent. They have an efficiency at full 
load of 98.82 per cent. 

For the initial installation, only 2. 33 kv bus sec- 
tions will be placed in operation at this point. A 
pair of “belt” transmission lines to station D will 
serve to extend the 132 kv bus to that similar re- 
ceiving station, which will have 2 more similar 
transformer banks. 

Full final details regarding the synchronous con- 
denser installation cannot be given at this time, as 
they are dependent on stand-by steam plant arrange- 
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ments which still are being studied. A typical syn- 
chronous condenser will be of the hydrogen-cooled 
outdoor type and will have a rating of 60,000 kva 
leading, 36,000 kva lagging, at 600 rpm and 13,200 
volts. 


RELAY AND COMMUNICATION SYSTEM 


Carrier frequencies will be imposed on the line for 
4 distinct purposes: relaying, supervisory control 
of switching stations, telephone communication 
between stations, and telephone communication to 
patrolmen’s automobiles in the vicinity of the 
line. 

The carrier current relay system is of the lockout 
type. When given a fault signal from a ground relay 
or an overcurrent relay, directional element relays 
will check the direction of power flow. If the direc- 
tion is normal at the 2 ends of a phase conductor of 
the circuit, a lockout action will prevent the switches 
on that section from tripping. Suitable filters are 
provided in the lines on each side of the station to 
isolate the various frequencies. The time of opera- 
tion of this relay system is less than 3 cycles. 

In addition to the carrier relaying system, con- 
ventional cross-balanced relays will be used, in 
which the current in a given phase of one circuit is 
balanced against the similar current in the other 
circuit at a given station. For most troubles, this 
relay system -will be slightly more rapid than the 
other, except where the fault is near a station and 
cascade action of switching takes place. 

Telephone communication will be provided over a 
separate wired line as well as over the carrier system. 
Patrolmen’s cars will be provided with radio receiving 
sets tuned to the carrier frequency so that they can 
be given instructions when on the transmission line 
road, which is in the vicinity of the line for its entire 
length. 


CONCLUSION 


It is believed that this line not only has estab- 
lished a new voltage step in the transmission of 
electric power on the North American continent, 
but also has served to stimulate advances in the art 
and science of electric power transmission and 
related electrical fields. It is a milestone of current 
progress. In a project of this magnitude, it is un- 
avoidable, or perhaps incidental, that many features 
are notable for their size, or capacity; but the ideal 
of the designers will have been realized if the system 
delivers the required power with the reliability and 
continuity of service that it seems reasonable at this 
time to expect. 


Appendix—Statistical Data of © 
Boulder Dam-Los Angeles Transmission System 


Line 

Witt betobia-phase GO0-cyCle CirCuits Spon... 6 hence sh uses ek ce 2 
Line-to-line kilovoits, receiving end.......................... 275 
ine-to-line kilovolts, sending end: .. 2. 5.0.2 eee ac... 287.5 
Reliable operating capacity, kilowatts........... 235,000—240,000 
PMmenpencvacapacit ye kUowattsio5:.\). Sedan eel oe ies 300,000 
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Approximate full load loss, including transformers and 


synchronous condensers, per Cent.....-- 65-2 2s ee eects oe 
Length of single circuit tower section, miles................. 225.3 
Length of double circuit tower section, miles................. 40.8 
Total length of double circuit line, miles: Sn. eee eee 266.1 
Length of sending end section, miles................-+++-++- 91.7 
Length of middle section, miles...........--+0+-+-+seeeeeees 90.8 
Length of single circuit tower portion of receiving end 
Section, miles. .eis- «lore revels er encked stele -t er aioe t ys tons aera 42.8 
Length of double circuit tower portion of receiving end 
section milesiet ss sc as te I ee iat dee ee eel eee ae 40.8 
Conductor 
Diameter; inches: = ciretsccek oc ao omen oe Neate nt eee 1.40 
AE DOs avon rn cabei ite Poke tree oa Rots ee eee segmental hollow copper 
Totalicirctlarsmils 5.55. ances Sis earner ee 512,000 
Number of seginientsic.- se = re eee 10 
Spiral:pitch inches shoe sas tose ca Souk oi ican eae ee ee 28 
Weight per foot pound saree er see nei k ta hte neta err eer aoy) 
Witimate strengths poutldsweanrewane cer eee er eee 21,600 
Maximum line tension, pounds.............. 8,700 
Single circuit { Normal tension at 60 degrees Fahren- 
heit,. pounds)... so eee eke ee eee 4,370 
Maximum line tension, pounds.............. 6,400 
Double circuit { Normal tension at 60 degrees Fahren- 
heit, poutids.. -ace eee ee eee 4,750 
Splice passcts ae eee eee Bronze sleeve with double wedge grip 
Tnstallationaasereeeae ee Pulling in under tension controlled by 8 
; foot capstan and brake 
Total pounds used, approximately..................... 13,455,000 
Overhead Ground Wire 
Number per tower linesom... «cf cs teas as ee Oe 2 
Materialcy cmmmterscieere ce 1/, inch galvanized steel, stranded 
Single Weight*per foot) pounds-2) 4-4 ee 0.514 
eHit Ultimate strength, potinds.< Sacks eee ee 18,800 
towers Maximum tensions) 429 ten aes ei eee 5,000 
Normalitenisidtias:. <r er eee 1,800 
Total pounds used, approximately............. 2,461,000: 
Matertallrcmcie 0.4395 inch copper covered steel, stranded 
Double (i per foot, pounds... ca soho es Se ee 0.421 
kent Ultimate strength polundsias seh eer ee ee 18,500 
towers Maxinitiniutension ss polundstis.a. sere. 10 ee eee 2,500 
Normalstension; pounds 4-45-12 ae ene cree 1,600 
Total pounds used, approximately............... 181,000 
Materia leetaemitees 1/, inch rolled black copper rod 
Weight per foot, pounds... hs aes eee 0.205 
Counterpoise Total pounds used, approximate.......... 1,300,000 
Depth, fect Wry heer eee not more than 3 
Methodiot sistallations s)he by plow 
Method of attachment...... 4 spark gaps per tower 
Span 
Normal.span; fees.) sty le cee eee 1,000 
Sele Tees Spatl, -feetats eucgotn cee ee eee 984 
Gareuit aximum span, FOCtS Silt conn Ther coe es ae 1,811 
Lowets Minimumispatiefcetacnu i aise oar tien ae 431 
Normal’sag; feeti(5000 foot span). see a ae eee 45 
Sag at 150 degrees Fahrenheit, feet (1,000 foot span). .48.5 
Normal span, feet...... [ro are 850 
Doubles nwereSe Span, fete Gas ee 839 
rene aximum span, feet sil a7 ie ee ee 1,620 
fours Minimiumyspany féetsa.. nea. See eee eee 331 
Normal’sag; feet) (850! foot span) sess 30 
Sag at 180 degrees Fahrenheit, feet (850 foot span). ..33.5 
Insulation 
Tishtduty sucpens : D1Ze, itches snr LORS 
Oo See eae Lo pa joe pounds.............11,000 
Heavier duty suspension unit lee inches.............10%/. x 6* 
Strength, pounds........... 15,000 
Standard suspension insulator string.................. 24-(10 x 5) 
Standard angle suspension insulator string........... 22-(101/» x 6) 
Heavy duty strain insulator string........... double 22-(101/2 x 6) 
Light duty strain insulator string..............double 26-(10 x 5) 


* Diameter of unit by spacing between units. 
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Clearances 


Up to 4 pounds per square foot wind, feet..................... 11 
At 12 pounds per sqtiare foot wind, feet?./.;.............0.%.4. of 
Suspension horn arcing distance, inches...................... 110 
Angle suspension arcing horn distance, inches................. 121 
Heavy duty strain arcing horn distance, inches, approximate....117 
Light duty strain arcing horn distance, inches, approximate.....115 
Minimum vertical distance to surface of ground: 
desert and mountain sections, 150 degrees Fahrenheit, feet... .277 
coastal plain section, 180 degrees Fahrenheit, feet........... 45t 
+ Some inaccessible locations 22.5 feet. 
t Some nonagricultural hilly locations 40 feet. 
Hardware 
Strain clamp...... Bronze sleeve, double wedge grip 
Suspension clamp....Free center, double saddle type 
Lower arcing horn....Figure ‘8’—11/, inch pipe 
Conductor ( Upper arcing horn...... Steel strap—?/s x 11/, inches 
Strain string arcing horns. ... 0. ...5.2.<,.<. 
Ra aaa Ae 11/, inch pipe ovals above yokes 
Yokes, low frequency vibration. .21 inch string spacing 


Strain clamp...... Special 315 degree snubbing type 


Ground wire Paco Clamps eos: Standard trunnion type 


Single Circuit Towers 


: MPOACITIC sa acieeie sie eis = '.1/, inch ice, 8 pounds per square foot wind 
Broken wire assumptions. . .1 conductor, 1 ground wire 
Conductor spacing, feet.. ae ae eeo2eO 
Crossarm height, Standard once fear pase Be Ot eee 90 
Suspension Groundswite spacingsiceten.ctenee hou a. ee 50 
type Ground wire height, standard tower, feet......... 109 
IDS GUSaGHlOVO, WW eG ea 6b Ae a oo aR ene 10, 20, 30, 40 
ALOWEDEDASC CEL ato Nie mee cae Se le oe BY ey 
WWieig tba DOUTAS ipa sey tvooss karat eta coors eat os 18,100 
Broken wire assumptions. .3 conductors, 2 ground wires 
Angle r Horizontal line angles, degrees............... 0 to 10 
Beeston Weight of 10 degree tower, pounds............ 25,400 
: Broken wire assumptions...... 3 conductors, 2 ground wires 
Strain Horizontal line angles, degrees................... 0 to 50 
type Weight of 50 degree tower, pounds................ 27,925 
Double Circuit Towers 
NOOACING oon ao keeere se aye lays no ice, 12 pounds per square foot wind 
Broken wire assumptions. ..1 conductor, 1 ground wire 
Verticaletect...8t ascta ce 24.5 
Conductor spacing Horizontal, feet............40.5 
Suspension }Lower crossarm height, standard tower, feet........ 75 
type Groutid-wite spacing, teete. samt aidan en 40.5 
Ground wire height, standard tower, feet......... 144 
IDS aiesnts (ovoid oles ain B hewia Os DSI oem oi cere 10, 20, 30, 40 
MOWwerabase lee ta rae cuter Aer ne eos ee 32 x 32 
Weights DOUNCS eam Mer wie e echers oor sero 23,050 
Broken wire assumptions. .3 conductors, 2 ground wires 
Angle 3 Horizontal line angles, degrees........ NB Ba 0 to 10 
Suspension / Weight of 10 degree tower, pounds............ 38,300 
Broken wire assumptions..... 6 conductors, 2 ground wires 
Strain Horizontal line angles, degrees................... 0 to 90 
type | Weight of 50 degree tower, pounds................ 41,150 
Standard Footings 
PIV Deeper see tena bale es reinforced concrete, pad and pedestal 
Single circuit suspension tower, feet........... 4x7 
Single circuit 10 degree angle tower, feet. .5 x 7 (side) 
CIN RA ONS oon e Ie ars Si otinicusetoh rt clsna%ej'e-Sc601 8 ec 6.5 x 9.5 (long) 
es Single circuit 50 degree strain tower, feet....... 7x9.5 
eid-depth Double circuit suspension tower, feet........ 4.25x8 
Double circuit 10 degree angle tower, feet...7 x 10.5* 
Double circuit 50 degree strain tower, feet ..8.5 x 12* 
_ * Preliminary and approximate. 
Generators 
Brrrieeinused cone) CiCIiSes sac aie ee ede 4 
Kilovolt amperes each at unity power factor............... 82,500 
Wiathengo. 34 she HO Wee as sae Onan lot aieNe Gy aieemesnernc tata 13,800/16,500 
Nisin oyS? OW? WOES, utocec aces choo uy eee y sO noe pood woema oe aoa 40 
Shoyareh, sway fo tiuelayes jas eaesboue one oe on ope ae Geese non 5 OUe or 150/180 
SHORCITCIIILITA CIO Mn Acree a he ee mie om cosuas ile ee es 2.28/2.74 
Direct axis transient reactance, per cent.................. 21/1775 


May 1935 


Moment of inertia (WR?) each........... not less than 105,000,000 
Total weight, pounds, approximate..................... 2,000,000 
Outsiderdigmetermfeeeaqnn’ cis oe coh se can os oy oh Re eae 40 
Dy pelo inswlatiOnaency is. hoy ate eels ce ore Ro eee Class B 
EEXGI CA TLOM ey PERE ave hic, ories oe Sista ele None tke ad 

ibieen. 5 Ae nominal 250 volts, main and pilot exciter direct connected 
ECXCILELSL ESP OLSE setae Cee tala: os bo euler wR ees cise eee 0.50 


Sending End Transformers 


Number used on 2 circuits (2 banks)................. so 5 ym apes 6 
BINY DO iredsesn sve teclsn cp tetee erate Sie cesoleteic ie eke wsie* Water cooled, outdoor 
Ratinerol, each) kilovoltamperes..o.5 s1.<) ae eyectae toms Sete 55,000 
MOM a Senate, sister aie hse ore ee eae 287,500Y/16,320 delta 
Heeqiency,. cyClesiper second spene wea ieee oe eee ane ete 60 
linpedancetspercent nace tee ie rad toes not more than 10.73 
Exciting current at normal voltage, per cent.................. 4.5 
Ra oadreticiency sper Cel tyne ieee eee 99.31 
Three-quarter load efficiency, per cent.....................99.33 
Motaliweight perstinits pOUnas ees: ane tear el eerie 385,000 
Hloonspaceiandilicightytectacmmm anna orn en wre oe 13 x 20 x 32 
Receiving End Autotransformers 

Nambersusedsont2 circiitss ere eee 6 
A Wiig arith an eran ar mete ttses uc ee Aa A ant itate Von GC UL aa forecdie air Bepoled 
Rating of each, kilovoltamperes...................00. 

. .48,750, no blowers; 65,000, blowers; 80,000, 2 hours, blowers 
Tertiary winding rating, kilovoltamperes..................- 16,000 
Voltage nee ett tee . .275,000Y /132,000Y /13,200 
HFOQUENCY: i omit Merten UR eee En Oe TRE eC 60 
Impedance, primary to secondary, per cent on 65,000 kilovolt- 
AIMPETES ah oe eer TIO ER rel tote eer aie 3b TSG Soro oe Oe 8.4 
Exciting current at normal voltage, per cent................. 2.75 
Full load efficiency at 48,750 kva, per cent ................ 99.487 
Full load efficiency at 65,000 kva, per cent........ 99.466 
Full load efficiency at 80,000 kva, per-cent................ 99.422 
Motallweight per nity pounds saan eee Moen erate 332,000 
Hloorspaceandsheishtatect ae eet eee 111/, x 231/, x 36 
Three Winding Transformers 
Number usedifor:2 circiitstarcce seek oe oe eee eee 12 
8 Dig oor ERS erren tia hear oer Oe forced air cooled outdoor type 
Kulovoltampetesica cham tinreistytesaret hac, ae se erat Creer 


clea sca aeaateneeavats primary 60,000, secondary 80,000, tertiary 60,000 


Voltage... .76,200/20,000/13,200 delta (182,200Y/34,500Y/13,200) 
Frequency, cycles per: second! ascent are ee ee eee 60 
Primary to secondary (23,333 kva), per cent..... 10.8 
inipedances<sPrimary.tostentiaryan ee ene eee 12.3 
Secondary tomtentianya sare ein en eens 3.3 
Exciting current, normal voltage, per cent........ CNS oo Cae 2.75 
Bullsloadieficiency,uper, cents ants ieee eee eee ee 98.988 
Synchronous Condensers 
Kilovoltamperes, each.................. 60,000 lead/36,000 lag 
Wolta genes satece soca Siete ei tecacnnn areas tie seo over eee Lee 13,200 
Nim ber of polesiai ath Seraeec thea teict oa attic esr actos cha 12 
Speedinimreyolutions:persminutes-.nmyy see ene 600 
Direct axis transient reactance, per cent....................--- 45 
Moment of inertia (WR?) each, pound-feet?..............1,250,000 
HV Pe-OLMinsilation xen a casper tan et tess Oe aes oh tei ere Class B 
xCitatiOnere semtaec motor generator, main and pilot exciter, 250 volts 
FEXCICER TESPONSE Soca c ales cet See, Ste toealbe tench Pee ne On 1 ee ee 0.5 


af 8, eRe P i amu ach rey ere eect Aeon ete kates porcelain clad, impulse 
WVoltage:class, kilovoltsims coho ee a een ee eee 287.5 
Interrupting capacity, kilovoltamperes.................. 2,500,000 
INormalicurrentsrating, amperes... eee i nee 1,200 
Speedofioperation: cycles: warte pace treo e. oe ee ee 3 
Wieightipounds yc ctiiie Cheeni eee ri ene ee en 113,300 
Ploonspaceandiheight)feetseie et ei ete ene cee: 22 x 54 x 27 
Gallonstohcoilsc cr cess eee es hore oo Pte fae 2,600 
Oil Circuit Breakers for Receiving Stations 

A argo srei e Coeaetctis, Chat eee cat nore AAS NE Pre porcelain clad, impulse 
Woltageiclasss Kalavoltst sy. csaeicicy. en Sah uoke scrticns mirth eine ett 138 
Interrupting capacity, kilovoltamperes.................. 2,500,000 
Nonnaltctrrentsra ting) amperes sence ai oem ear cei 1,200 
Speediolioperationscycless salve teat teicher a eae 3 
Weights POUundsic.c osce™ tcc amceciee ede r wean: Moca aero eee 51,000 
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Floor space and height, feet... .........-.2 eee ee eens 20 x 22 x 22 
ra llaristOreoll ater evar eis Ch wha bstclc egke athe wa oh ciolpt snraloustehctateaare 750 
Oil Circuit Breakers for Receiving Stations 

SING TIES cle oh Ree ees Ge iste Patel ersie tenets ose tars ateh’e oN elP bay alent tank 
Woltareiclass, KW1OVOlESa sense tiae ey aie ee bi eles oem cls meee oe 138 


Interrupting capacity, kilovoltamperes............+-+- 
2,500,000 (convertible to 4,000,000) 


Normal current rating, amperes.............2-- eee r ere eees 1,200 
Speed of operation, cycles........... 0.0 ce ecto e neers cece seees 5 
Wieimhtmpoundseiacniss: sce fc cnn ee os jae ies or ysl ota « 100,000 
Floor space and height, feet.............--+-.e+-e eee: 8x 26x17 
NSU ETISTOIMO LIER N Sale tare late or meee Tonite eieleiyerae onmlate eel tetecelovele 7,380 
Lightning Arresters 

Molrseerclass mKIOVOIUS; fant sn rise: dua sera tee telecine 287.5 
ean oibigh WheTeUfoWeitld 25 eng ockmigue ne o>ncobol op non oOk 235.0 
IWEOUTICIM CM eee cert elie eis ais le aredsie scitvotere syeisia ie siefece 2 mie suspension 
Crest voltage at 1,500 ampere discharge, kilovolts............. 825 
Impulse voltage breakdown, kilovolts...........2.-2 esse eeeee 800 
OnGinealll RGTING, TRCN no capehin Sones BoB ate De doen oomodoooT odor 33 
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Time-T emperature I ests 


to Determine Machine Losses 


Time-temperature tests as a means of measur- 
ing losses in electrical machines are de- 
scribed in this paper, and some of the results 
which have been secured with such tests 
are described. The method consists prin- 
cipally in determining by test the initial 
slope of the time-temperature curve of 
some part of the machine, immediately 
after a steady load is thrown off. In this 
paper, application to the analysis of losses 
in turbine generators is described, although 
the method can be applied to other electri- 
cal apparatus. 


By 
M. D. ROSS Westinghouse Elec. and 
ASSOCIATE A.1-E.E. Mfg. Co., E. Pittsburgh, Pa. 


l.. the early days of the electrical in- 
dustry the design of electrical machines was largely a 
matter of rule of thumb and progress was made 
through the trial and error method. As designers 
worked out the underlying theory of machine per- 
formance the apparatus produced soon took on gen- 
eral forms which have existed with little fundamental 
change to the present day. Calculation of the losses 
in machines has, within the past 10 years, reached a 
point where most of them can be estimated in ad- 
vance of the tests with very good accuracy. Most of 
these calculations, however, still involved the ju- 


‘dicious use of empirical factors depending upon the 


machine proportions, materials, etc. Load losses in 
machines still presented a considerable problem as 
they were made up of a number of losses whose dis- 
tributions were little known. . 

It will, therefore, be seen that the machine de- 
signer, while having very useful tools in these calcu- 
lation methods, had no means of checking the dis- 
tribution and location of the losses throughout the 
various parts of the machine by actual test. An ac- 
curate knowledge of their distribution was essential 
if further refinements in design were to be made. 
In 1926, certain preliminary tests were made by C. M. 
Laffoon and J. F. Calvert! to determine the feasi- 
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_ bility of measuring the rate of heat input to various 
parts of a turbine generator. They indicated that a 
new tool in the form of time-temperature tests was 
available to the designer to examine more closely the 
location of various losses and their causes. Since 
that time a notable contribution to this subject was 
made in an article by Prof. S. Parker Smith.? 

The present paper covers the work carried on by 
one manufacturer in analyzing losses in turbine 
generators. The method, however, is not limited to 
such machines only, but can be applied to many lines 
of electrical apparatus. 


GENERAL THEORY OF TIME-TEMPERATURE TESTS 


Briefly, the method of determining losses by time- 
temperature tests is to bring the machine under test 
up to constant temperature at the load condition to 
be checked. The load is then suddenly thrown off, 
reducing the electrical losses to zero. If the cooling 
_ system is not changed during the test the initial slope 
of the time-temperature curve after throwing off the 
load will be a measure of the heat input to the part 
under consideration. 

Assume 


= the rate of heat flow into the part 

d- = the rate of heat flow to the cooling medium 

= temperature of the part under test 

% = temperature of the part previous to dropping the load 

6, = temperature of the cooling medium 

= time 

= specific heat of the material 

= thermal conductivity of heat path to the cooling medium 


Assume the part under consideration consists of a 
homogeneous material with uniform loss generated in 
it. The heat balance equation for this part at any 
time may be represented by the following equation: 
gage te% =hO- 0) 6% (1) 


where the factor c s represents the rate at which heat 


is stored in the material. 
With the machine at steady temperature under 


load, pe = (0. At the instant that the load is 


dt 
dumped the heat input g; becomes zero. To main- 
tain the heat balance, the following must hold true: 


de 
pape | 
From this the equation of the time temperature curve 
is: 


att Be —k(@ a CP) (2) 


k 
0 = 0 + (00 — Geo" (3) 
The slope of this curve at time t = 0 (when the load 
is dropped) is: 

dO (6 — 6) _ 


dt Cc @ 
Therefore, 
dé 
pees ee 4 
gi ca, (4) 


Before throwing off the load the heat input gq; 
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equals the heat dissipated through the cooling sys- 
tem. When gq; becomes zero, the temperature of the 
material begins to fall at such a rate that, for a short 
time, the heat flowing to the cooling system does not 
change. It is, therefore, only necessary to deter- 
mine this slope accurately by test and apply the 
proper specific heat value in equation 4 to obtain the 
heat input to the part under consideration. 

It will be noted that the material under considera- 
tion was assumed to be of a homogeneous nature. 
Many materials encountered in machines are not of 


Fig. 1. 
bine generator. 


Arrangements for testing 100,000 kva tur- 
Potentiometers, dial switches, and 
thermocouple cold junctions in vacuum bottles are 
on tables in the foreground 


this type, and it is necessary in that case to obtain an 
equivalent specific heat value by testing a sample or 
the part itself with a known heat input and deter- 
mining the slope of the time-temperature curve with 
this known loss. The second assumption made was 
that the loss was generated uniformly throughout the 
material. Analysis of this problem will disclose 
that equation 4 still holds true, the heat transfer in 
the material itself during the cooling down period 
only affecting the shape of the time-temperature 
curve some time after the load is dropped. The 
losses are usually generated in electrical machines 
with sufficient uniformity that these transients due 
to unequal distribution do not materially affect the 
first 5 minutes of the time-temperature curve. 


PROCEDURE IN TESTING A-C MACHINES 


In testing a turbine generator to determine the dis- 
tribution of the electrical losses, thermocouples are 
soldered to the parts of the stator whose losses are to 
be measured and leads are brought out to a poten- 
tiometer for measuring the temperature. The usual 
arrangement when a number of couples are to be used 
is to connect about 4 to 6 of them to a dial switch 
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and from the switch to the potentiometer so that one 
operator can read the temperatures of a number of 
couples. The cold junction for the group is im- 
mersed in a vacuum bottle, which is maintained at 
constant temperature during the test. Several such 
meters may be required to read all the thermo- 
couples installed in the machine. Figure 1 shows 
the arrangement of temperature measuring equip- 
ment for testing a 100,000 kva generator. The ma- 
chine to be tested is arranged to be driven by a direct 
connected motor so that the ventilation will not 
change when load is thrown off. The machine is 
held on load until constant temperatures are reached. 
The field switch is then opened. If the machine is 
operating at zero per cent power factor in parallel 
with another machine, the main circuit breaker is 
opened before opening the field switch. Readings 
of temperature and time are then taken for each 
couple over a 20 minute period. A typical time- 
temperature curve of a thermocouple embedded in 
the stator laminations is shown in figure 2. As it is 
important to obtain as large a number of accurate 
readings as possible in the 20 minute period, 2 read- 
ers are used to each potentiometer, one to read the 
potentiometer and the other to record the time and 
the temperature readings. 

_ All tests were made with the usual low range port- 
able potentiometers, which could be operated quickly 
but left something to be desired in accuracy in meas- 
uring low loss densities, as it is desirable to determine 
the temperature readings with an accuracy of better 
than +(.1 degree centigrade when the initial slope 
of the curve is below 0.5 degree centigrade per min- 
ute. The accuracy obtained seemed to be of the 
order of +0.2 degree centigrade. For rates of tem- 
perature change exceeding 0.5 degree centigrade per 
minute, the portable potentiometer has satisfactory 
accuracy. As the tests described here were not in- 
tended to be made with laboratory precision, the 
equipment used gave sufficiently accurate results for 
design purposes. 


MEASUREMENT OF LOSSES IN ARMATURE COILS 


In one case thermocouples were built into an ar- 
mature coil connected to the neutral of the star wind- 
ing so that losses could be measured at a number of 
points in the coil. While very satisfactory results 
were obtained by this method, it is not applicable to 
most cases as it is undesirable to install such couples 
on account of the necessity of removing the coil from 
the machine after test. A method of measuring the 
total loss in the armature copper, including both the 
so-called d-c loss and eddy current losses, was, there- 
fore, worked out as follows. Direct current was 
circulated through the armature winding with the 
rotor at standstill until the temperature of the wind- 
ing became constant. The d-c supply circuit was 
then opened and a time-temperature curve of the 


stator winding was obtained by measuring the stator ' 


temperatures by resistance of the windings. The 
apparent specific heat of armature windings was 
found to be 1.7 to 2.1 times the theoretical value for 
copper. With the machine running under load, 
arrangements were made as shown in figure 3 to 
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measure the winding resistance as soon as the load 
was dropped. It was found necessary to use a filter 
circuit, to reduce the a-c current in the circuit gene- 
rated by the residual magnetic field of the rotor. 
The filter shown in figure 3 was made up of a stand- 
ard potential transformer and a condenser which 
happened to be available at the time tests were made. 
A low value of d-c current was circulated through the 
windings when taking temperature readings after 
dropping the load and the voltage drop across the 
winding measured, in preference to the use of a 
wheatstone bridge, as it was found that more con- 
sistent readings could be obtained by the volt-am- 
pere method. The initial slope of the time-tempera- 
ture curve of the armature winding was a measure of 
the total loss of the armature coil and this could be 
determined accurately using the specific heat value 
obtained by the calibration test. 


CALIBRATION TESTS ON STEEL MATERIALS 


Time-temperature tests were made on ring samples 
of armature laminations and solid iron rings to de- 
termine the proper specific heat values to be used in 
calculating the loss values. The sample to be tested 
was connected to the usual core loss measurement 
apparatus and excited so as to obtain a certain loss in 
it. After the sample reached constant temperature 
the excitation was cut off and a time-temperature 
test was run. In testing the laminated material, 
thermocouples were soldered to a lamination at the 


SES RRS Soc 
CPs ers 


42 


TEMPERATURE — DEGREES C 
Ww 
K 


0 4 8 2 16 20 24 
TIME IN MINUTES AFTER DROPPING LOAD 
Fig. 2. Typical time-temperature curve taken with a 
thermocouple embedded in a ‘tooth in the stator 
core. Initial slope of the curve equals 0.365 de- 
grees centigrade per minute. Watts loss per pound 
equals 1.65 


middle of the ring sample. Thermocouples in the 
solid steel ring sample were peened into holes drilled 
in the material. The same method of attaching 
thermocouples to solid machine parts was carried 
out in all tests. The apparent specific heat value for 
a one inch square solid iron ring was 4.0 watt-min- 
utes per pound per degree centigrade, which is only 
slightly higher than the theoretical specific heat of 
steel, but the apparent specific heat value for the 
0.014 inch thick laminated material was found to be 
4.55 watt-minutes per pound per degree centigrade, 
which is 30 per cent higher than that of steel. This 
difference in specific heat value is believed due to the 
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thermal lag of the thermocouple with regard to the 
iron temperature. This difference in specific heat 
value was also noted in Professor Smith’s article. 
Losses set up at machine frequency or higher in solid 
iron parts are confined to a thin skin on the outside 
of the material due to the well-known ‘“‘skin effect.”’ 
Analysis of the heat flow due to this unequal distri- 
bution of losses indicated that the transients due to 
distribution of the heat throughout the material 
would be very rapid when the thickness of the steel 
did not exceed an inch—a common material thick- 
ness used in machines. The specific heat value ob- 
tained with the one inch square sample of steel was, 
therefore, considered to be representative of most 


eases encountered in machines, and the loss was 


figured on the basis of the total weight of material 
involved rather than that of the outer skin, which was 
of unknown extent. 


MEASUREMENT OF ROTOR SURFACE LOSSES 


So far only losses measured in the stationary parts 
have been under discussion. An attempt was made 
to measure the losses on the surface of the rotor of 
one machine by means of thermocouples embedded 
there and brought out through holes in the shaft to 
slip rings. The readings obtained were somewhat 
erratic due to variations in the resistance of the cur- 
rent collecting mechanism and to induced a-c cur- 
rents in the thermocouple wiring, which were suffi- 
ciently rectified in some of the points in the circuit 
to affect the d-c voltage at the potentiometer. 
This rectification of stray a-c currents was first 
noticed when attempts were made to measure stator 
losses by throwing on load rather than throwing it 
off as later adopted. Sufficient stray fields existed, 
with the load on, to cause erratic temperature read- 
ings. The practice of bringing the machine up to full 
temperature and then dropping the load was, there- 
fore, adopted, with a marked improvement in the 


‘consistency of temperature readings due to the 


absence of stray fields. So far as is known, no satis- 
factory method of measuring rotor temperatures with 
sufficient accuracy has been developed to determine 
losses in the steel parts. 


SOME RESULTS OF TESTS 


In all, 5 turbine generators ranging from 3,750 
kva to 100,000 kva have been given time-temperature 
tests, from which valuable design information was 
obtained. With 3 of the 5 machines sufficient read- 
ings were taken to determine quite accurately the 
total stator loss, which was found by multiplying 
the weights of the various parts by their test loss 
per pound and summing up these losses. The stray 
losses in the rotor in these cases were known to 
be relatively small, from calculations made of these 
factors. The total stator losses checked quite closely 
with the values obtained by the usual segregated loss 
method as carried out in regular tests of a-c machines, 
which indicates that the method of testing was suffi- 
ciently accurate for the designer’s purpose. 

While it is impossible to go into detail here as to 
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the findings of these tests, a few of the more impor- 
tant points might be of interest: 


1. The losses in the laminated iron parts were found to be from 25 
per cent to 80 per cent higher than the Epstein tests for the same ma- 
terial and the same flux density would indicate. 


2. The losses in some of the frame parts in one case were found to 
be as high as 40 watts per pound at over-voltage. Asa result of this 
information later machines have been designed with certain changes 
to eliminate most of these frame losses which appeared in the core 
loss. 


8. The 100,000 kva generator mentioned above had a single conduc- 
tor coil with strands transposed throughout the length of the em- 
bedded parts of the coil by the Roebel method to eliminate eddy 
currents. The calculated eddy factor for the coil using the usual 


A filter made up ‘A CRC DORI BeLbinee 
of a potential SS 
transformer and 
condenser isused 
to shunt out alter- 
nating current 
due to residual 


magnetic field 


ARMATURE 
WINDING 


Fig. 3. Meter connections to measure resistance of 
stator windings by volt-ampere method 


formulas was 1.20. When tested, the eddy factor was found to be 
2.0 instead of the calculated 1.2, or the eddy losses were 5 times 
higher than the calculated value. A check was then made to find 
where the extra loss was coming from. It was found that the coil 
(which was made in halves) had all its strands short-circuited at each 
end of each half coil and, while satisfactorily transposed to avoid 
extra losses due to cross flux in the embedded portions, was totally 
untransposed so far as fluxes in the end windings were concerned. A 
rough check of this factor, which is too complicated to lend itself 
to accurate analysis, indicated the possibility of obtaining such a 
high eddy factor due to this cause. A factor which had always been 
considered negligible was, therefore, found to be a very important 
one. Asa result of this information a later machine of similar con- 
struction was connected at the ends of the half coils in a number of 
independent groups which were suitably transposed so as to elimi- 
nate almost entirely the extra losses due to end winding fluxes. 


Attention to details of design such as mentioned 
here has been largely instrumental in the reduction 
in size and improvement of performance that is 
steadily going on in the design of turbine generators. 
The data obtained on turbine generators has been 
applied to other a-c machines resulting in improved 
performance, particularly in large a-c synchronous 
apparatus. As stated above, the use of time-tem- 
perature tests is not confined to the measurements of 
turbine generator losses, but can be applied profitably 
to solve a large number of electrical and mechanical 
problems where a sudden decrease of the losses may 
be obtained and the ventilation can be maintained 
constant throughout the test. 
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Storage 
Battery Charging 


The fundamental reactions in accordance 
with the generally accepted ‘‘double-sul- 
phate” theory of storage battery charging 
are comparatively simple. Additional re- 
actions and phenomena, such as gas evolu- 
tion, acid concentration, heating, and local 
action are factors which affect charging con- 
ditions. Data showing the effects of these 
factors are given in this paper. The ampere- 
hour law regarding charging rates is illus- 
trated. Results of constant voltage and 
modified constant voltage charging are 
given, and constant voltage floating and 
trickle charging are discussed. Various 
means of automatic control for charging 
batteries in different classes of service are 
given, some of these schemes involving the 
use of ampere-hour meters and voltage re- 
lays. 


By 
bi LESTER WOODBRIDGE The Elec. Storage Battery 
FELLOW A,I.E.E. Co., Philadelphia, Pa. 


Win the reactions which take 
place during the charge and discharge of the lead-acid 
storage cell are not in all respects fully understood 
and have been the subject of some controversy, the 
fundamental facts, in so far as they affect the prac- 
tical industrial application and control of the storage 
battery, are well established and may be recapitu- 
lated briefly here as a foundation for the discussion 
of storage battery charging to follow. 

In view of the more recent investigations on the 
subject there appears to be no good reason for ques- 
tioning the so-called ‘‘double sulphate’ theory 
originally advanced by Gladstone and Tribe as ex- 
pressed in the following equation: 


PbO; + 2H2SO, + Pb —” PbSO; + 2H,0 + PbSO, 


the left hand member representing the charged con- 
dition and the right hand member the discharged 
condition. This equation presents the initial and 
final condition of such parts of the active materia] 
and the electrolyte as are involved in the reactions. 


ae 
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In both positive and negative plates there must neces- 
sarily be an excess of active material over that theo- 
retically required and a similar surplus of electrolyte 
must also be present. 

It will be observed from the above equation that 
during discharge a part of the sulphuric acid in the 
electrolyte is combined with the active material, 
forming lead suphate in both positive and negative 
plates, while a corresponding amount of water is 
produced, giving rise to the well-known reduction in 
the specific gravity of the electrolyte during dis- 
charge and the corresponding increase during the 
charge. 

Up to this point the charging of a storage battery 
appears to be a very simple matter consisting merely 
in passing current through the cell in the charging 
direction until all the active material has been re- 
stored to full charge condition. In fact, during the 
early commercial development of the storage bat- 
tery very little was done in the matter of a compre- 
hensive study of storage battery charging. There 
are, however, several other phenomena and condi- 
tions which develop during the charge which are not 
indicated by the fundamental formula, which will 
now be briefly discussed. 


Actp CONCENTRATION IN THE PLATES 


A further study of the reactions indicated by the 
fundamental equation given above will show that 
during the charge strong sulphuric acid is formed in 
the active material of both plates, the sulphate radi- 
cal (SO,) dissociated from the lead combining with 
the hydrogen from the water present, whose oxygen, 
(part of which is transferred by ionic migration from 
the negative to the positive plate) combines with the 
lead of the positive plate to form lead peroxide (PbO,). 
This gives rise to a higher concentration of acid in 
the pores of the plates than that of the free elec- 
trolyte outside, on account of the time required for 
diffusion. Diffusion takes place more readily near 
the surface so that the acid concentration is greater 
in the more inaccessible parts, producing higher 
counter electromotive force to oppose the charging 
current. These inaccessible regions charge more 
slowly, therefore, and are the last to be fully charged. 
The gradual rise of acid concentration produces 
gradual rise of voltage. The effect of high acid con- 
centration in retarding the charge is more marked 
in the case of the negative plate and if the acid con- 
centration is sufficiently high, it is impossible to re- 
duce the sulphate to spongy lead. 


GASSING 


The conversion of the lead sulphate (PbSO,) into 
lead peroxide (PbO.) in the positive plate and lead in 
the negative plate is not the only reaction occurring 
while charging current is passing. These are the 
preferential reactions and take place so long as there 
is sufficient sulphated -active material accessible to 
absorb the current, and diffusion can take place at a 
rate which will prevent excessive acid concentration 
in the pores of the plates. Whenever the charging 
current exceeds this value, the excess which cannot 
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_ be used for charging the active material causes de- 
_ composition of the water of the electrolyte into hy- 
drogen and oxygen which are released as bubbles of 
gas—the hydrogen at the negative plate and the 
oxygen at the positive—and the familiar phenomenon 
of gassing appears. A higher voltage is required to 
release gas than to charge the active material so the 
beginning of active gassing is indicated by a com- 
paratively rapid rise of voltage at the cell terminals. 
The accompanying diagram, figure 1, shows a typi- 
cal charge curve and illustrates the phenomena just 
referred to, namely, the gradual rise of voltage during 
the early part of the charge caused by increased con- 
centration of acid density and the rapid rise of volt- 
age toward the end of the charge at the point where 
gassing begins, followed by a flattening of the curve 
when the cell is fully charged and all of the charging 
current is consumed in the evolution of gas, the con- 
ditions then becoming constant. 

The rate of gas evolution is also shown on this 
curve, as well as the rise of specific gravity as the 
charge progresses. The more rapid rise of this 
specific gravity curve after gassing begins is the 
effect of the gas bubbles in forcing out the heavier 
electrolyte from the pores of the plates as well as 
the stirring up of heavier electrolyte which may have 
settled to the bottom of the cell. 


FARADAY’S LAW 


According to Faraday’s law a given amount of 
current passing through an electrolytic cell can pro- 
duce only a definite amount of electrochemical re- 
action. Hence, that part of the current which pro- 
duces gas by decomposing the water in the electrolyte 
cannot have any. effect in charging the active mate- 
rial. This applies separately to the positives and 
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Fig. 1. Typical curves of charge voltage, specific 
gravity, and gassing. Charge at 8 hour discharge 
rate following 8 hour discharge 


the negatives—that is, the same current which pro- 
duces gas (oxygen) at the positive plate after that 
plate is fully charged may still be charging the active 
material of the negative plate if that plate is not 
fully charged, but any part of the charging current 
which produces gas at both plates is absolutely 
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STATE OF CHARGE 

(CONSTANT CURRENT) 
AMP-HRS 

(CONSTANT VOLTAGE 
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Fig. 2. Constant current versus constant voltage 
charge following one hour discharge at 10 hour 
rate (30 amperes) 

Constant current = 36 amperes 


Constant voltage = 2.25 volts per cell 
Constant temperature = 26.5 degrees C 


wasted as far as charging the active material is con- 
cerned. 

The accompanying diagram, figure 2, illustrates 
this fact, showing the results of 2 charging tests 
following a 10 per cent discharge, in one of which the 
cell was charged at constant current and in the other 
at constant voltage. The rate of evolution of gas 
was measured in each case and converted into am- 
pere-hours by well-known electrochemical constants, 
and plotted in the form of curves. The ampere- 
hours actually put into the cell are shown in dotted 
lines, and from this was subtracted the ampere-hour 
equivalent of the gas evolution, leaving the net am- 
pere-hours used for charging the active material, 
indicated by the curves marked “state of charge.” 
It will be noted that the constant voltage method, 
at 2.25 volts, charged the cell almost as rapidly as 
the constant current method, and much more effi- 
ciently. The next curve, figure 3, shows a similar 
test following a 20 per cent discharge. 


HEATING EFFECTS 


The heat produced in a cell during the charging 
period is due to3 causes. First, there is the ordinary 
resistance loss (J?R) determined by the current and 
the true ohmic resistance of the cell. The internal 
resistance of commercial storage battery cells is com- 
paratively small so that unless abnormally high 
charging rates are used the temperature rise during 
the early stages of the charge is not excessive, not- 
withstanding the fact that the internal resistance of 
a discharged cell is somewhat greater than when 
fully charged. 

The second cause of heat generation is that due 
to the sum of the normal chemical reactions. Also, 
the mingling of the sulphuric acid produced by the 
charging current with the water of the electrolyte 
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Fig. 3. Constant current versus constant voltage 
charge following 2 hour discharge at 10 hour 
rate (30 amperes) 
Constant current = 36 amperes 


Constant voltage = 2.25 volts per cell 
Constant temperature = 25 degrees.C 


produces some heat. These heating effects are small 
and practically negligible under ordinary operating 
conditions. 

Toward the end of charge another quantity of 
heat is developed, the source of which is somewhat 
obscure. The total energy represented by the prod- 
uct of the charging current by the final charge volt- 
age is appreciably greater than the sum of the resist- 
ance loss and the eiectrochemical energy involved 
in the decomposition of the water of the electrolyte 
into oxygen and hydrogen. ‘This difference appears 
in the form of heat. One of the theories advanced 
to account for this is the production of ozone at the 
positive plate as an intermediate reaction, which is 
immediately converted into oxygen with the develop- 
ment of heat. This theory is plausible, as the fa- 
miliar odor of ozone is often noted. Another theory 
involves the formation of atomic hydrogen at the 
negative plate. It has thus far been impossible to 
establish these theories quantitatively. However, 
the rapid rise of temperature after gassing begins is 
a well-known fact. 


STRATIFICATION 


Stratification of the electrolyte is another phe- 
nomenon which may sometimes be observed. As 
already pointed out, concentrated sulphuric acid is 
produced in the pores of the plate by the charging 
current. In the early stages of a high rate charge 
this strong acid can be observed coming out of the 
plates and on account of its density sinking toward 
the bottom, during which process it mingles with the 
weaker acid between the plates. A small amount 
of this heavier electrolyte may settle into the region 
below the plates, but most of this will be stirred up 
by the convection currents produced by the gas 
bubbles during the later stages of the charge. In 
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stationary cells the electrolyte in the dead space from 
the bottom of the cell to a point about */, inch to 1 
inch below the bottoms of the plates will usually 
show a slightly higher density than that of the active 
electrolyte above this level, but when this increased 
density has reached a value equal to that of the 
heavier electrolyte which comes out of the plates 
during the charge after it has mingled with the 
weaker electrolyte between the plates, no further 
effect of this kind can occur. 

The only result of stratification is a slight weak- 
ening of the active electrolyte which, while beneficial 
in respect to the life of the plates, will somewhat re- 
duce the available capacity. This result will or- 
dinarily be more than offset by the building up of 
the capacity of the plates in service. This phe- 
nomenon does not occur in batteries maintained by 
floating or trickle-charging, and any mechanical 
vibration or disturbance to which a battery is sub- 
jected will tend to minimize it. 


EFFECT OF LOCAL ACTION 


It is well recognized that a certain amount of local 
action or self discharge is taking place continually 
in a storage battery cell. By far the greater amount 
of this local action occurs in the negative plate. A 
full discussion of this subject would call for a sepa- 
rate treatise, but a few of its most important features 
may be mentioned as having a bearing on charging 
conditions. Local action takes place continuously, 
whether the battery is charging or discharging or 
standing on open circuit. It increases rapidly with 
increase of temperature and with increase in the 
specific gravity of the electrolyte. The accompany- ~ 
ing curves, figure 4, will illustrate these effects. 
Local action is evidenced by the gassing of the nega- 
tive plates when standing on open circuit. It re- 
sults in the gradual sulphation of the negative mate- 
rial and the consequent falling off of the specific 
gravity of the electrolyte. It must be taken into 
account in determining the charging routine for a 
battery. Certain impurities in the electrolyte such 
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as platinum have a profound effect on this phenome- 

non. However, such impurities are unusual and it 
is not difficult to guard against this source of trouble. 
Cells which have been in service for a considerable 
length of time will usually exhibit some increase in 
the amount of local action. There also appears to 
be a quite definite relation between the amount of 
local action and the final voltage of the cell at the 
end of charge. The accompanying charge curves, 
figure 5, of 3 cells will illustrate this. 

The 3 cells had been fully charged and then stood 
on open circuit for 5 days. They were then charged 
in series, and the charge voltage readings plotted as 
shown. The difference in the amount of local action 
is clearly indicated. In cell A the local action is 
comparatively little, the voltage rising rapidly to the 
gassing point. Cell B shows more local action, the 
rise in voltage being slower. and the final voltage 
lower. In cell C the local action is pronounced, the 
final maximum voltage being reached only after 
about 4 hours’ charging and being still lower than that 
of the other 2. ‘The first sharp rise of voltage in 
curve C evidently corresponds to the charging of the 
positive plate, while the second rise is due to the 
negative plate. 


- EFFICIENCY 


The efficiency of a storage battery, that is the ratio 
of the output to the input, may be divided into 2 
parts, namely, voltage efficiency and ampere-hour 
efficiency, the product (provided the charging rate 
is constant) being the energy or watt-hour efficiency. 
The voltage efficiency depends upon the difference 
between the charge voltage and the discharge volt- 
age, the principal factor in this difference being the 
rates of charge and discharge. Obviously, at higher 
rates the discharge voltage will be lower and the 
charge voltage higher. 

The ampere-hour efficiency depends upon 2 fac- 
tors, viz., the loss due to local action and that due 
to gassing during charge. The local action loss 
varies with the elapsed time as well as with the tem- 
perature, etc., and is independent of the amount of 
work done by the battery. The loss due to gassing 
depends entirely upon the charging conditions. If 
the local action loss is negligible compared to the 
work done, as is the case where the cycle is short and 
includes a considerable amount of discharge, the 
ampere-hour efficiency may be brought very close to 
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100 per cent by careful control of the charging rate 
below the gassing point. 


CHARGING RATES—THE AMPERE-HouR LAW 


With these various phenomena in mind the 
groundwork has been laid for discussing the question 
of how to charge a discharged storage battery. This 
question may be divided into 2 principal parts: (1) 
what charging rates to use; and (2) how to determine 
when to stop the charge. As to charging rates, the 
general rule is that any rate may be used that does 
not cause violent gassing or excessive temperature. 
Just what rates may be used without exceeding these 
limits must be determined by experience. In the 
early stages of the charge comparatively high charg- 
ing rates may be employed but as the charge pro- 
gresses a point is reached when the rate should be 
reduced. As a result of numerous tests, it has been 
found that if the charging rate in amperes is kept 
below a value equal to the number of ampere-hours 
then out of the battery the conditions as to gassing 
and temperature will be met. For example, if the 
battery has been discharged to the extent of 100 
ampere-hours, any rate less than 100 amperes may 
be used. When the charge has been continued until 
10 ampere-hours have been put in, leaving 90 ampere- 
hours still out, the rate must be reduced below 90 
amperes, etc., the rate being continually reduced or 
tapered to keep within the value fixed by the ampere- 
hour law. When the rate is finally reduced to the 
prescribed “‘finishing”’ rate for the particular type of 
battery, the charge may be finished at that rate 
without further reduction. This law may be ex- 
pressed by the differential equation 


dt = —tdt 


which results from the condition that the charging 
rate 2 is continually reduced by the amount of charge 
in ampere-hours put in in the interval of time di. 
The integration of this expression gives the exponen- 
tial equation 


ie AG- 


in which 2 is the charging rate in amperes, ¢ the time 
in hours, and A the ampere-hours out of the battery 
when the charge starts (¢ = 0). This law is shown 
graphically in figure 6 from which it will be noted 
that 90 per cent of the capacity taken out may be 
put back in 2 hours and 20 minutes. 

While this ampere-hour law is entirely empirical 
it is useful as an approximate guide in determining 
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Fig. 7. Charge of 6 cells following a discharge equal to rated 6 hour capacity of 135 
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Charging current in amperes kept equal to 135 minus ampere-hour meter reading 


safe charging rates. Any lower rates may of course 
be used with a corresponding increase in the time 
required. 

The accompanying diagram, figure 7, shows the 
results of another interesting test. A discharged 
battery was recharged in accordance with the am- 
pere-hour law above mentioned, the charging rate 
being adjusted at frequent intervals to keep it equal 
to the ampere-hours out. The cell voltage was 
taken throughout the charge and it will be noted 
that this voltage is substantially constant until 
about 90 per cent of the previous discharge had been 
restored. This indicates that a fully discharged 
battery may be charged in about 4 hours by main- 
taining a constant voltage of about 2.4 volts per cell 
across the battery. At lower constant voltage, even 
as low as 2.15 volts per cell, the battery may be fully 
charged if sufficient time is available. Either of 
these 2 methods, that is, either a tapering charge, 
the rate being continually adjusted to follow the 
ampere-hour law, or the constant voltage method, 
will permit charging a battery in minimum time, the 
results being substantially the same in both. Each 
method presents certain disadvantages if minimum 
time is imperative. The first calls for constant 
manual control to maintain a carefully predeter- 
mined schedule of charging rates for given intervals 
of time. The second requires a practically constant 
voltage to be maintained, the correct value of which 
will depend upon the temperature of the cells. Both 
methods require a comparatively high capacity in 
the charging source to supply the initial charging 
rates. 

The straight constant voltage method is also some- 
what unstable if comparatively high voltage is em- 
ployed since small variations of voltage or tempera- 
ture cause excessive variations in the charging rates. 
Thus, an unobserved increase in voltage resulting 
in excessive charging rate will produce a rise in cel] 
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temperature causing a re- 
duction in the counter 
electromotive force and a 
further increase of current, 
the effect being cumulative. 

To obviate these disad- 
vantages, the modified 
constant voltage method 
has been adopted and is 
very generally used for 
charging batteries in motive 
power and similar service. 
In this method, the volt- 
age of the charging bus 
is maintained substantially 
constant at a value some- 
what higher than that re- 
quired for straight constant 
voltage charging, and a 
fixed resistance is included 
in the charging circuit. 
The time required for a com- 
plete charge is somewhat 
greater than with straight 
constant voltage but no 
manual control is required, 
the charging rate tapering down automatically as the 
charge progresses, and conditions are practically 
stable. The curves in figure 8 illustrate the results 
of constant voltage and modified constant voltage 
methods. Figure 9 shows the results of straight 
constant voltage charging at 2.15 volts and 2.27 
volts per cell. 

The methods above described permit establishing 
conditions for charging a battery safely in minimum 
time. If more time is available, lower charging 
rates may of course be used and in some respects are 
preferable, as they provide a greater margin of safety 
and call for less capacity in the charging source. 
The constant current method is entirely satisfactory, 
provided the rate is not greater than the prescribed 
finishing rate; or a 2 step charge may be used start- 
ing at a comparatively high rate and dropping to the 
finishing rate when appreciable gassing begins as in- 
dicated by the rapid rise of the charge voltage 
curve. As previously mentioned, very low charging 
rates throughout the entire charging period are en- 
tirely satisfactory, provided sufficient time is allowed 
to complete the charge, the principal difficulty in 
such cases being the less definite indication of the 
completion of the charge by maximum specific 
gravity and voltage. 


SPECIFIC GRAVITY 
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METHODS OF DETERMINING WHEN TO STOP CHARGE 


The next question is how to determine when to 
stop the charge. How can one tell when a battery 
is fully charged? In the early days of storage bat- 
tery development, the impression became rather 
firmly established that a final voltage of 2.5 per cell 
was the criterion. This idea was perpetuated in 
certain textbooks long after its fallacy had been 
demonstrated. It was usually tied in with a charg- 
ing rate equal to the 8 hour discharge rate, but 
nothing was said about temperature or other factors 
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which affect the final voltage. Figure 10 shows a 
series of curves giving final charge voltage of a cer- 
tain type of cell at different rates and temperatures. 
Different designs of cell will exhibit somewhat differ- 
ent characteristics. As a matter of fact, the actual 
voltage of a cell is a very unreliable indication of the 
completion of the charge. The specific gravity of 
the electrolyte is a better guide but even this requires 

certain precautions, since the specific gravity of a 
fully charged cell will vary with temperature and the 
height of the electrolyte, increasing at low tempera- 
tures and with reduction in level caused by loss of 
water from the electrolyte by evaporation and decom- 
position due to gassing. The most reliable indica- 
tion is the attainment of maximum voltage and 
specific gravity, as indicated by a number of identi- 
cal readings taken at stated intervals. Even then 
a temperature correction should be applied, if ap- 
preciable temperature change has occurred. 


AMPERE-HouUR METER FOR STOPPING CHARGE 


Another method for determining when a battery 
has been fully charged is to measure the ampere- 
hour output during the previous discharge, and con- 
tinue the charge until the same number of ampere- 
hours have been put in plus a certain percentage of 
overcharge to compensate for losses. An ampere- 
hour meter is the most practical means for measuring 
the output and input, and these meters are designed 
to run slow in the charge direction by a certain per- 
centage which may be adjusted within limits so 
that, when the indicator hand has returned to zero, 
the necessary overcharge will have been given. 
These meters are also provided with a contact at the 
zero point which may be used to trip a circuit breaker 
in the charging circuit and thus terminate the charge 
automatically. 
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The percentage of overcharge required will vary 
considerably under various operating conditions. 
In the case of daily discharges calling for nearly the 
full capacity of the battery followed by a recharge 
in 7 or 8 hours, a 15 per cent overcharge is usually 
satisfactory for lead-acid cells. It must be remem- 
bered, however, that practically all the loss due to 
gassing occurs at the end of the charge, and the over- 
charge in ampere-hours required to compensate for 
this is nearly constant for a given charging rate and 
independent of the amount of discharge. The per- 
centage of overcharge required will therefore be 
greater if the operating cycle involves only a partial 
discharge. If the discharge is intermittent in char- 
acter or at very low rates and therefore spread over 
a long period of time, calling for a recharge say once 
a week or less frequently, the loss due to local action 
may be appreciable in proportion to the total useful 
work, requiring a comparatively high percentage of 
overcharge. 


THE ‘EQUALIZING’? CHARGE 


On account of the difficulty of determining exactly 
how much overcharge is required by a battery sub- 
jected to daily cycles, and in order to avoid unneces- 
sary overcharge, it is common practice to stop the 
daily charge a little short of full charge and give the 
battery a so-called ‘‘equalizing’’ charge at stated in- 
tervals, say once a week for service involving daily 
charges; this equalizing charge consists of a pro- 
longation of the regular charge, at the finishing rate, 
until the proper values of specific gravity and volt- 
age have been shown for a maximum period of one 
hour or longer, depending upon the rate of charge. 
The one hour maximum applies when the rate at end 
of charge is equal to the specified finishing rate for 
the cell. At lower rates, the maximum is longer in 
inverse ratio; for example, 3 hours at 1/; the finish- 
ing rate. 

The purpose of the equalizing charge is to insure 
that occasionally every plate in every cell of the 
battery is brought with certainty to a state of full 
charge. This is especially important in respect to 
the negative plates. It is not to be expected that 
all the plates in a battery will remain exactly alike 


Fig. 9. Typical curves of recharge 
at constant voltages of 2.15 and 
2.27 volts per cell, following 100 


uu 

=z H+ per cent discharges at the 8 hour 
280 

Se ee ea rate 

Ezy do es Pl MS 

co 

uw 

[e) 

_ 200 

a 

~ 160 

proved Ot AES 

= 120 

Ww 

= 99 mee 

g Bes 

avi Pe) eae 

= | NERA TT 2.tsvouts per cer [ | [| 

ano TT | re 


4 6 8 LOPS 24s 162 18h 20 ee comes 
HOURS 


VOLTS PER CELL 


CHARGING CURRENT IN PER CENT OF 8 HOUR RATE 
Fig. 10. Final charge voltage at various rates and 
temperatures 


throughout its life, and those that develop a little 
more local action than the rest will probably not be 
fully charged at the end of the normal charge. The 
difference therefore is cumulative and can only be 
corrected by the equalizing charge. 


VOLTAGE RELAY FOR STOPPING CHARGE 


For automatically terminating the charge another 
principle has been successfully employed. While a 
definite final voltage is not a reliable indication of the 
completion of the charge, the point where gassing 
begins and the voltage rises rapidly occurs at about 
the same state of charge for a given charging rate and 
temperature. Since the voltage curve is quite steep 
at this point a voltage value can be established say be- 
tween 2.35 and 2.4 volts per cell which is certain to 
fall on this part of the curve, even with considerable 
variation in charging conditions, and a relay em- 
ployed to respond to this voltage need not be designed 
for such extreme accuracy as to be impractical. This 
_ principle is used in several arrangements for the 
automatic control of battery charge. In one of these, 
the voltage relay starts a clock mechanism when the 
battery voltage reaches the selected value, and the 
clock, after running for a definite period of time, say 
1 or 2 hours, opens a switch in the charging circuit 
and stops the charge. Other applications of this 
principle will be referred to later. 


CONSTANT VOLTAGE FLOATING 
AND TRICKLE CHARGING 


Up to this point applications have been considered 
in which the battery is employed for ‘‘cycle” ser- 
vice—that is, it is discharged more or less completely 
in performing its work and is then taken out of ser- 
vice for recharging. Usually, as in motive power 
service, the work circuit and the charging circuit are 
independent of each other. In other cases, as in 
farm lighting, the charging source carries the load 
while the battery is being charged, the battery being 
used when the charging source is shut down. 

In another and very extensive class of battery ap- 
plications, the battery is constantly floating on the 
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supply circuit, and kept fully charged except for 
occasional momentary discharges to carry the load 
peaks or for emergency discharges to tide over in- 
terruptions to the normal source of current. These 
applications may be conveniently divided into 2 
classes, viz., those in which the battery is continu- 
ously connected to a substantially constant voltage 
bus or circuit, and those in which the battery is con- 
tinuously connected to the load circuit and a constant 
current is supplied to the circuit sufficient to carry 
the load and in addition to furnish a small trickle — 
charge current to the battery to compensate for local 
action and keep the battery fully charged. 

In the first, or ‘‘floating’’ system, the bus voltage 
is maintained at an average value equivalent to 2.15 
volts per cell (assuming 1.215 specific gravity elec- 
trolyte) and it is desirable to keep this voltage as 
nearly constant as possible, since variations above 
and below the average value will cause the battery 
to charge and discharge, subjecting it to a certain 
amount of useless work. This constant voltage 
floating automatically compensates for the effects 
of varying temperatures, since at higher tempera- 
tures the battery will take more current at the same 
voltage, thus compensating for the corresponding 
increase in local action. In these strictly constant 
voltage floating systems the operating conditions 
for the battery are independent of the load since, if 
the voltage of the source is not affected by load fluc- 
tuations, such fluctuations must fall on the source 
and not on the battery. In certain installations 
falling essentially in this class, the generator is de- 
signed with a flat-compound characteristic up to 
full load, at which point the voltage drops off de- 
cidedly with further increase of load. Such a com- 
bination is ideal for handling a combination of load 
in which a part of the load is steady but may vary 
from time to time while upon this steady load is 
superimposed intermittent momentary demands of 
considerable magnitude. Under these conditions 
the generator will handle the trickle charge for the 
battery and the variations in the steady load, as- 
suming that these do not exceed the range over 
which the generator voltage is constant, while the 
momentary demands beyond this range are carried 
largely by the battery. These momentary dis- 
charges amount to very little in ampere-hours com- 
pared to the battery capacity so that the actual work 
falling on the battery is relatively light. It should 
be noted that the term ‘‘flat-compounded”’ in this 
case must be literally interpreted as signifying a 
voltage characteristic that is substantially constant 
over the entire range from no load to full load, and 
not merely equal at full load and no load with a 
hump between. 


INTERMITTENT CHARGE WITH CONSTANT DISCHARGE 


There is another class of battery applications in 
which the load circuit carrying a variable load is 
constantly connected to the battery, while the charg- 
ing source is available only at more or less frequent 
intervals. A typical example is the usual railway 
axle-lighting system. Here constant voltage control 
of the charging generator is employed (modified to 
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prevent overloading the machine), but on account 
of the intermittent application of the charging source 
a higher value of constant voltage must be used than 
the 2.15 volts per cell adopted for continuous float- 
ing. Owing to the uncertainty as to the propor- 
tionate time during which the charging source is 
available as well as the variation in amount of dis- 
charge, under different operating schedules, it is 
impossible to determine an ideal value for the con- 
stant voltage to be maintained when the generator 
is running, and in order to minimize the possibility 
of a discharged battery and a resulting light failure, 
the generator voltage is controlled at a point which 
produces some overcharging under average operating 
conditions, a voltage of 37 to 38 volts for 16 cells 
being usual. This will recharge a discharged battery 
rapidly but will not produce injurious overcharging, 
considering the small proportion of the time each 
day during which the battery is subjected to this 
voltage while fully charged. The effect of this con- 
stant voltage control of an axle lighting generator 
in compensating for variations in operating condi- 
tions is shown in figure 11, which is taken from the 
chart of a graphic ammeter recording the ampere 
output of the generator. The area above the lamp 
load line represents the charge to the battery. It 
will be noted that after each stop, during which the 
battery is discharging to carry the lamp load, the 
generator output is maintained at a comparatively 
high value until the amount of the previous discharge 
has been restored, whereupon the generator output 
automatically drops to a low value continuing the 
battery charge at a comparatively low rate. The 
difference between the charge following a 10 minute 
stop and that following -a 1 minute stop is quite 
marked. 


VaRIouS CASES INVOLVING AUTOMATIC CONTROL 


The next cases to be considered are those in which 
the source of current has a decidedly drooping volt- 
age characteristic, adapted to furnish a substantially 
constant current, and is continuously connected 
across the battery. These cases present a number 
of interesting problems in automatic control, depend- 
ing on the character of the load. <A few typical ex- 
amples will be considered. 

Take, first, the case where the only load is an oc- 
casional momentary demand, occurring at infrequent 
intervals, as in many railway signal systems. Here 
it is sufficient to supply from the source a constant 
current equal to the trickle charge current required 
by the battery plus a small surplus equal to the aver- 
age value of the intermittent load. It is then neces- 
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sary to adjust to the proper value the output from 
the source (which is generally a rectifier connected 
to the a-c transmission line). The most satisfactory 
way to do this is to note the floating voltage of the 
battery and make the adjustment such as to main- 
tain this at an average of 2.15 volts per cell. This 
adjustment should not be attempted until some 
time has elapsed after the termination of a discharge 
to permit stable conditions to be re-established. In 
making such adjustment it must be borne in mind 
that the battery voltage responds rather slowly to a 
small change in the charging current so that time 
must be allowed, after making a tentative adjust- 
ment, before deciding that such adjustment is cor- 
rect. Furthermore, since the ouput of these recti- 
fiers is a substantially constant current, varying but 
little with temperature or battery voltage, and since 
the battery requires more trickle charge current in 
warm weather than in cold weather, ideal conditions 
would call for readjustment in the spring and fall. 
Where this is not practical it is better to adjust for 
summer temperatures and allow the battery to be 
somewhat overcharged in winter. After a pro- 
longed discharge due to a power outage, the output 
of the rectifier should be temporarily increased 
until the discharge has been restored. If, in addi- 
tion to the intermittent load there is also a constant 
steady load, the output of the rectifier is increased 
by the amount necessary to provide for this, so that 
the battery is still called upon to take only the inter- 
mittent momentary demands. 

Consider now the case where there is a more or 
less variable steady load with or without intermittent 
momentary demands as in some telephone installa- 
tions. If the average value of these combined loads 
can be predetermined or at least closely approxi- 
mated, the output of the rectifier or other source of 
constant current may be adjusted to this average 
value plus the necessary trickle charge for the bat- 
tery. The latter will be maintained in a state of 


charge approaching full charge, but it will of course 


discharge when the load is greater than the output 
from the source and will charge when the load is less. 

If, however, the load varies in a manner that can- 
not be predetermined and the fluctuations are appre- 
ciable as compared with the ampere-hour capacity 
of the battery it is important to provide automatic 


523 


means for adjusting the output from the source from 
time to time to correspond with these load fluctua- 
tions and prevent the battery from being subjected 
either to over-discharge or overcharge. Various 
types and combinations of apparatus have been de- 
veloped for effecting this automatic control which 
will now be discussed. 


Two Strep ConTROL WitH AMPERE-HouR METER 


One of these schemes is shown in the accompany- 
ing diagram, figure 12. A 2 step resistance is con- 
nected between the charging source and the circuit 
to which the battery and the load are connected, 
with a contactor arranged to short-circuit a part of 
the resistance. An ampere-hour meter is perma- 
nently connected into the battery circuit with 2 
auxiliary contacts, one at the full charge point and 
the other at a point corresponding to a certain per- 
centage discharge. The first contact is connected to 
the tripping coil of the contactor and the second to 
the closing coil. Thus when the arm of the ampere- 
hour meter is at zero, indicating that the battery is 
fully charged, the contactor is tripped open and the 
minimum current is transmitted from the source. 
This should be adjusted to give the battery its nor- 
mal trickle charge rate when the load is at its mini- 
mum value. Whenever the load is appreciably 
greater than this minimum, the battery will dis- 
charge until the arm of the ampere-hour meter 
reaches the second contact, when the contactor will 
be closed, and the maximum current will be trans- 
mitted from the source. This maximum current 
should be sufficient to insure that the battery will be 
recharged. This maximum current may be greater 
or less than the maximum load depending upon the 
duration of the latter. Thus, if the maximum load 
is of short duration the maximum current from the 
source may be considerably less and still recharge the 
battery when the load is less than its maximum. 
The ampere-hour meter is adjusted to run slow in 
the charge direction to provide the necessary over- 
charge; however, as already pointed out, this ad- 
justment is usually only approximately correct but 
this inaccuracy may be compensated for by the 
proper adjustment of the low or trickle charge rate. 

As a further refinement, a comparatively high re- 
sistance, shown on the diagram at R3, may be con- 
nected to transmit from the source directly to the 
battery, without passing through the ampere-hour 
meter, a trickle charge current sufficient to compen- 
sate for local action. This arrangement is theo- 


CHARGING 
SOURCE 


Fig. 13. Tem- 
perature com- 
pensated relay 
for 2 step 
charge control 
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retically correct since the local action current does 
not register on the ampere-hour meter. The total 
charging resistance, i. e., the sum of Ry and R:, would 
then be adjusted to provide for the minimum load 
without any excess. 

This ampere-hour meter control of a 2 rate charge 
has been used successfully in a number of battery 
installations, but it has certain inherent defects. 
It necessarily throws on the battery a certain amount 
of work, at least a part of which could be carried 
by the source, and as already pointed out, the over- 
charge adjustment of the ampere-hour meter is only 
approximate. If set too low, the battery will be 
starved and a battery failure may result. To 
guard against this, the tendency will always be to 
set the overcharge too high. Another difficulty lies 
in the fact that at very low currents the ampere- 
hour meter is inaccurate and may fail to register. 


Two Strep CONTROL WITH VOLTAGE RELAY 


Another method of controlling a 2 rate charging 
scheme is by means of the voltage relay already re- 
ferred to. The exciting coil of this relay is con- 
nected directly across the battery terminals, and 
when the battery voltage reaches a value corre- 
sponding to a point on the charge voltage curve where 
gassing begins and the voltage rises rapidly, the re- 
lay operates to reduce the charging rate from the 
high to the low value. The battery is not fully 
charged at this point, but the low rate may be so 
adjusted that the charge will in time be completed, 
yet the charge may be continued at this rate without 
injurious overcharge. It is then necessary to pro- 
vide for re-establishing the higher rate of charge as 
may be required, which is accomplished by momen- 
tarily opening the circuit of the voltage relay ex- 
citing coil. This may be effected by a second relay 
whose exciting coil is connected into the load circuit, 
so that whenever the load is thrown on, the higher 
rate is restored. If the load is thrown on and off 
manually, as is often the case in telephone service, 
an auxiliary contact on the load switch may be used. 

Another method is to re-establish the higher rate 
at definite time intervals, regardless of the load. 
For this purpose a slowly revolving contact-making 
disk may be employed, driven by a small a-c motor 
such as is used in electric clocks. 

This 2 rate charging scheme controlled by a volt- 
age relay is proving very satisfactory. It auto- 
matically adjusts the amount of charge to varying 
load conditions. If the battery has been subjected 
to an appreciable amount of discharge, the high- 
rate charge will be maintained for a longer time be- 
fore the voltage relay acts than if the discharge has 
been less. 

In a further modification of this method only a 
single charging rate is provided, sufficient to take 
care of the maximum requirements, and when the 
battery voltage reaches the value for which the volt- 
age relay is adjusted, the charge is entirely cut off 
until it is re-established after a definite time interval 
by means of the timing device. It is found that even 
without the trickle charge rate following the high 
charge rate, the battery can be fully recharged if 
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the high charge rate is applied at sufficiently frequent 
intervals even though the voltage relay cuts off the 
charge at a voltage which would not ordinarily 
correspond to the fully charged state. 

If the battery is subjected to considerable varia- 
tion of temperature, the voltage relay should be pro- 
vided with automatic temperature adjustment since 
the voltage corresponding to a given state of charge 
_ with the same charging rate will be higher at lower 
temperatures. A voltage relay designed for this 
purpose, with temperature compensation, is shown 
in figure 13. The temperature compensation is 
effected by means of a bimetallic strip attached at 
one end to the armature while the other end bears 
against a fixed stop. Increase of temperature 
causes the bimetallic strip to move the armature 
nearer to the magnet poles, thus reducing the air gap 
and causing the relay to function at a lower voltage. 

In following up these automatic charging schemes, 
it is necessary to ascertain whether the adjustments 
_ of the various factors, such as time intervals, charg- 
ing rates, and cut off voltage are correct to maintain 
the battery properly, giving it sufficient charge to 
make up for the discharges and the losses without 
an unnecessary amount of overcharge. The ac- 
curacy of these adjustments can be determined by 
2 observations, first the specific gravity of the elec- 
trolyte and second the amount of water required 
for refilling. If the charge is not sufficient, the spe- 
cific gravity of the electrolyte will gradually fall off. 
If the charge is excessive, this will be indicated by an 
excessive amount of water required for maintaining 
the level of the electrolyte in the cells. The normal 
amount of water required for different types of cell 
over a given period of time can be obtained from the 
manufacturer as a guide in following up these auto- 
matic installations. 


THe ‘“‘FLOAT-METER”’ 


Another device has recently been developed called 
a ‘“‘float-meter,’’ designed to indicate the average 
voltage which has been maintained across the bat- 
tery terminals over a given period of time. In many 
situations, this floating voltage is subject to appre- 
ciable variation at different times of the day or from 
day to day, and it is quite burdensome or wholly 
impractical to take voltage readings at sufficiently 
frequent intervals to determine the true average. 
This float-meter is of the electrolytic type in which 
mercury is deposited from a solution of a mercury 
salt on the cathode from which it drips into a tube of 
small diameter provided with an appropriate scale 
indicating the amount of mercury thus deposited in 
a given length of time. This instrument gives ac- 
curate measurements where the current is but a few 
milliamperes, and by connecting it in series with a 
high resistance across the battery terminals it indi- 
cates average impressed voltage. The scale is so 
chosen that the quotient obtained by dividing the 
reading by the time interval in hours will equal the 
average voltage during that interval. (See figure 
14, 

f his meter must be reset periodically, when the 
measuring tube becomes filled with mercury, by 
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tilting the tube so as to transfer the mercury to the 
anode reservoir. These limitations are not, however, 
seriously objectionable in this particular application. 


CONTROL FOR AUTOMOBILE BATTERIES 


The design of automatic equipment for charging 
the starting and lighting battery on an automobile 
presents some additional problems owing to limita- 
tions imposed by considerations of space, cost, and 


Fig. 14. Schematic 
diagram of  ‘‘float- 
meter’ for registering 
average voltage over a 
given time period 
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wiring. This problem was not so serious when 
lighting loads were comparatively small, the battery 
capacity being determined by the starting require- 
ments. The generator output required to supply 
the lights and ignition did not constitute a very ex- 
cessive charging rate for the battery when the lights 
were turned off, especially in view of the usual char- 
acteristic of the third brush generator whereby the 
output is appreciably reduced at the high speeds 
usual in prolonged summer touring by daylight. 
The recent increase in the steady load requirements 
for radio, more powerful lights, heaters, defrosters, 
and other accessories has led to marked increase in 
generator output with little or no increase in battery 
size to meet starting requirements, and unless pro- 
vision is made for automatically reducing the output 
when the battery is full and the load is cut off serious 
overcharging results. Two kinds of automatic con- 
trol equipments have recently been developed to 
take care of this problem. In one, constant voltage 
regulation is provided for the generator (instead of 
the constant current characteristic of the third 
brush machine) modified to prevent generator over- 
load when the battery is in a discharged condition 
and the load is connected; while the other provides 
constant current output of 2 different values, con- 
trolled by battery voltage and in some cases also by 
the closing of the load switch. Adjustment of the 
voltage responsive control devices for winter and 
summer temperatures is important and is provided 
in some of these recently developed equipments. 

The curves and data given herein are typical or 
illustrative and subject to variation with differences 
of cell design such as density and volume of electro- 
lyte, plate thickness and spacing, and composition 
and distribution of the active material. 
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An Analysis of 
the Induction Motor 


For problems involving induction motors 
other than the usual balanced winding type 
operating under steady-state conditions, a 
general method of analysis is necessary. 
In this paper, a general analysis is pre- 
sented, and in particular, its use in short- 
circuit problems is described. The com- 
parison between tests and calculated results 
indicates that the method does properly 
describe induction motor phenomena. 


By 
S. J. LEVINE 


ASSOCIATE A.1.E.E. 


General Elec. Co., 
Schenectady N. Y. 


1 eee much has been written 
about the analysis of induction motors when operat- 
ing at constant speed and driving a steady load, com- 
paratively little has been published concerning the 
analysis of induction motors when driving pulsating 
loads, or when short circuits are applied, or when 
special cases of winding unbalance occur. 
papers known to the writer to have dealt with these 
problems are listed at the end of this paper.) It is 
the aim of the present paper to present an analysis 
which makes it possible to deal with any induction 
motor under any condition of operation, and to pre- 
sent the results obtained in solving several problems 
involving short circuits on induction motors. 


PRELIMINARY DISCUSSION 


From the foregoing, it may be correctly inferred 
that practically any induction motor may be ana- 
lyzed by the method to be described, but of course, 
subject to the assumptions which are made in the 
analysis. Since, obviously, in a paper of this nature 
it is impossible to deal specifically with all possible 
induction motors, the method is applied to the 
balanced 3 phase induction motor. From this, the 
method by which any other induction motor may be 
treated will be evident. 

For the purpose of determining short-circuit cur- 
rents, it is sufficient to deal only with relationships of 
instantaneous voltages, currents, and speed. Thus, 
this paper may be said to deal with the general e = iz 
relations of the induction motor; e, 7, and z repre- 
senting, of course, voltage, current, and impedance, 
respectively. 


A paper recommended for publication by the A.1.E.K. committee on electrical 
machinery, and scheduled for discussion at the A.I.E.E. summer convention 
Ithaca, N. Y., June 24-28, 1935. Manuscript submitted Jan. 25, 1935: re. 
leased for publication March 21, 1935. ; 
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GENERAL € = 13 RELATIONS 


Assumptions. The following major assumptions 
are to be made in the derivation of these general re- 


lations. 
1. Magnetic saturation is negligible. 
2. Core losses are negligible. 


3. Changes in resistance due to heating are small. 


Derivation. The derivation of the general rela- 
tions depends entirely upon the following general 
relation for any electric circuit: 


e = ri + pyl0-8 (1) 
where 


€ 
t 


instantaneous voltage applied to the circuit, volts 
instantaneous current into the circuit from the positive terminal 
of applied voltage, amperes 

circuit resistance, ohms 

instantaneous flux linkages with circuit including linkages due 
to current in coupled circuit such mutual linkages being taken 
as positive when they are in the same direction as self-linkages 
due to positive circuit current 

p = derivative operator indicating that derivative with time is to 
be taken. 


r 


¥ 


From the definition of self and mutual inductance, 
it is evident that equation 1 may be written as 


e = ri + p(Li) + 2 p(Mnin) (2) 
where 


In 
Mtn 


self-linkages X 1078 
mutual linkages X 1078 


tl 


and the summation sign is used to indicate that there 
may be several mutually coupled circuits. 

Now, in a3 phase induction motor, there are 6 elec- 
tric circuits, 3 on the stator and 3 on the rotor. Each 
winding has a self-inductance. Mutual inductance 
exists between stator phases, between rotor phases, 
and between stator and rotor phases. The self- 
inductances are substantially constant, the slight 
variations due to the motion of a slotted rotor by a 
slotted stator being negligible in effect for a well de- 
signed motor. Similarly, the mutual inductance 
between 2 stator phases or 2 rotor phases is essen- 
tially constant. 

However, the mutual inductance between a stator 
phase and a rotor phase is not constant but depends 
upon the position of the rotor phase with respect to 
the stator phase. When the magnetic axes of a 
stator phase and a rotor phase are opposite each 
other, the mutual inductance is a maximum; when 


they are displaced 3 electrical radians the mutual 


inductance has a zero value. To a very close ap- 
proximation, this ‘‘across the gap’? mutual induc- 
tance varies as the cosine of the electrical angle be- 
tween the magnetic axes of the windings. 

In figure la is shown a circuit diagram of the 
3 phase induction motor. In figure 1b is showna dia- 
gram of an instantaneous relation between the po- 
sitions of the magnetic axes of the 6 circuits or wind- 
ings. 

In figure 10, the angle 6 is the instantaneous elec- 
trical angle in radians between a reference stator 
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phase and a reference rotor phase, in this case taken 
to be the a stator phase and the a rotor phase. 

From the figures drawn and from the discussion on 
flux linkage above it follows at once that, 


10-8War = Liter + Mit + Miter + M cos Ota. + 
M cos (6 + =) in + Mcos (6+ F) ia 
10S Yn = Mita + Lit + Miter + 


’ magnetizing inductance. 


M cos (6 +F) ta2 + M cos 64%. + M cos (6 +=) tea | (3) 


10-8 = Miia + Miia + Liier + M cos (¢ 4 3) ae 

M cos C + =) te, + M cos 8 tice 
108 a2 — Leta2 ae Moire af Moto + M cos 6 tq: + 

M cos (0 _ 2) in + M cos C — 3) ta 

10-*¥n = Merion + Loin + Miia + M cos (0 a =) re 

M cos 6%, + M cos (4 _— =) ter (4) 
10-\aa = Mriea + Mai + Lain + M cos (0 — 2) eet 

M cos (6 — 3) te + M cos 0 ten 
where 
I; = self-inductance of a stator phase in henrys 
I, = self-inductance of a rotor phase in henrys 
M, = mutual inductance between stator phases in henrys 
M, = mutual inductance between rotor phases in henrys 
M = maximum mutual inductance between any stator phase and 


any rotor phase 


Also from figure la, the following relations be- 
tween currents are seen to exist. 


4at = Ts = Ter = 50 


ta2 + too + te = ‘0 \ (5) 


To simplify expressions 3 and 4 the relations 5 are 
introduced and the trigonometric functions are ex- 
panded. The result is written as follows: 


10-Ya = (L — Mi)ta + ; 

5 [cos 0 ios — = sin 0 (iia = ia) | 
10-8Yn = (Li — Mi)in + i 

5 M | cos 6 ty. — wae sin 6 (42 — in) | (6) 
10-Ya = (i — Miia + i 

3 M | cos 6 te2 as ae sin 0 (Zaz = in) | 
108 War = (Le oe! Mo)ta2 + 

2 M [ cos 0 tar + 7 sin 6 (is; — in) | 
10 8ys2 = (Le — ae oF ; 

iC M [cos Oi + TE sin @ (ter — int) | (7) 
10 8c. = (Le — Ole ap ' 

5 M [ cos Ota + Te sin 6 (ta — in) | 


Now, the quantity Z:— Mj is none other than the 
apparent self-inductance of the 3 phase induction 
motor stator winding. It is the stator self-induc- 
tance used in the familiar equivalent circuit. Simi- 
larly, L,—M, is the apparent 3 phase self-inductance 


of a rotor winding and 5. M is the apparent mutual or 


To work in terms of these 
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more familiar constants, the true machine induc- 
tances are redefined. 
-M= Ly’ 
a — M % 1B (8) 
9 M = M 
As will be brought out very soon, the quantities 
Ya—V1, Vi-Va, Ya—W2, and 2—y.2, are of in- 
terest. Using the new symbols for inductance, and 
equations 6 and 7, 


10-8(War — wor) = Li'(éar — tn) 


a 
M’ {cos @ (ta2 — tu) + V8 Sin 6 t2] 


10-8 — Ya) = Li’ — ia) + Bile 
M’ [cos 0 (42 — te) + +3 sin 6 ta2] 
10~8(Wa2 — Woe) = Le’ (ta2 — to2) + F 
M’ [cos 6 (éa1 — t1) — V3 sin 6 21] (10) 


10-8(Ws2 — Yeo) = Le’ (to2 = its) ap 


’ [cos 0 (t1 — ta) — V3 sin 6 tai] 


c. 
a2 on De an 2 
3 DIRECTION OF 
ROTOR ——* ROTATION 
r) 
TATOR 
: 2m 2m 
ay 3 by “oS 
(b) 

Fig. 1. Circuit diagram of the 3 phase induction 


motor (above) and an instantaneous relation between 
the positions of the magnetic axes of the 6 circuits or 
windings (below) 


Using the fundamental relation given in equation 
1, the following may be written for each of the motor 
phases: 
rita + pai Oe 


nin + py 10-8 
Titer + Pva 10 =e 


Tota. + poz 10-8 
rotee + pyre 1078 
Toler + Per ORE 


where 


€al 
Con 
ec 


€a2 
2 
€c2 


Wott 


r, = stator resistance per phase in ohms 
v2 = rotor resistance per phase in ohms 


Since the applied voltages are known, the fore- 
going equations are written in terms of the applied 
voltages by direct reference to figure la: 


Vad = Ca — 1 = "1 (ia1 = 41) de pl10-8(War aa vor) a3) 
Vic = C1 — Cer = 11 (41 — ter) + P1O~® (Yor — Wer) 
O = Car — Cre = fe (ta2 — too) + Pl0~® (Was — wes) \ a4) 
0 = Cr — lco = 12 (tee — tee) + Pl0-8 (Wee — Yeo) 
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Fig. 2. Connections of induction motors subjected 
to tests for short-circuit currents 


STATOR 


Now using the results of expressions 9 and 10 


Vas = (r1 + pli’) (tar — to) + : ak 
pM’ [cos 6 (ia — a2) + VS sin 4 42] 


PCr eLiNGn— tat eateries 
pM’ [cos 6 (tse — tc2) + V3 Sin 0 ta2] 

O = (12 + pla’) (ian — toe) + r eae 
pM’ [cos @ (ta. — tu1) — VS Sin 4 ta] (16) 


O = (r2 + ple’) (oe — 42) + e Sa eee 
pM’ [cos 0 (is. — tr) — VB sin 6 tar] 
These equations in conjunction with the current 
equations 5 may be used to solve for any of the phase 
currents. As is shown in appendix I the stator 
- currents can be expressed by the 3 relations 
pM’ 


=—— cos 6+sin of sin a] (ta1 — 401) + 


Van=}2: (2)—-eM’ | c0s 0 5 


VF PM’ {cos 9 £2 sin 9 — sin 0 P cos of tet (22) 
a — pM! pM’ ing PL | Gna 

Voc }Z(e) pM [cos 6 ZB) cos 6 + sin é Zab) sin 0 |} (t51—ta) + 

, pM’ i — sj pM’ ts 3) 

V3 pM Jeos ) Zeyn @ — sin AC: COS 8 > ta1 (23) 

tor + t1 + ter = O (24) 

where 

Zi(p) =m + pli’ 

A) = oa } @s) 


These 3 simultaneous differential equations may 
be solved (at least theoretically) for the 3 stator 
currents. In these equations instantaneous values 
of motor currents, motor voltage, and motor speed 
are related, subject to the 
restrictions already stated. 
They then are the general 
e = 72 relations. 


SHORT-CIRCUIT CURRENTS 


To illustrate the use of 
these general _ relations, 
problems involving short 


° 
ror) 


°° 
w 


SOLID LINES— CALCULATED CURRENTS 


circuits of induction motors 
turning at constant speed are 
considered. The transient 
currents attendant upon 
induction motor short cir- 
cuits decay to a very small 
value in ashorttime. It is 
reasonable to consider that 
the rotor turns at constant 
speed during this time, the 
speed which it had at the 
instant before short-circuit. 
Thus, the first step in de- 
termining the short-circuit 


FRACTION OF INITIAL ROTOR CURRENT 
oO 
ass 
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16 
THOUSANDS OF SECONDS AFTER SHORT CIRCUIT 


cutrents is to reduce the general relations to the 


constant speed relations. 
From the definition of the angle @ it follows that, 


gmat fi udt=atu (26) 


where 


t is measured from the instant of short circuit 
a = initial angle between phase a of stator and phase a of rotor 
u = constant rotor speed in electrical radians per second 


If this value of @ is introduced into equations 22, _ 


there results, 


= apn LO IY) p(p — ju) x Sagok ies 
va = {2c — a [ZEAE + Ba gw ]} a — + 
2j Zip + ju) 2:(p — ju)” 


The equation corresponding to equation 23 is 
obvious. Lack of space does not permit including 
the detailed procedure involved in obtaining equa- 
tion 27 from equations 22 and 26. 

At this point 2 fundamental motor impedances are 
defined; they should be noted carefully. 


e _ yr PO = I) 
Zm(p) = Zi(p) — M" ACS (28) 
= _ gia BOP + ju). 


If a descriptive equivalent is required for these 
definitions they may be described as, 


Zm (p) = generalized constant speed positive phase sequence im- 
pedance of an induction motor viewed from the stator 

Za (p) = generalized constant speed negative phase sequence im- 
pedance of an induction motor viewed from the stator 


Substituting equations 28 and 29 into equation 
27 there results 


Vag om CEU ZOON pag a te 


Corresponding to equation 23 there is, 


Voc = Zp) oe (ap: Zri(p) 5 Zai(p) tar 


Fig. 3. Short-circuit currents versus time for an induction motor 
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© TEST POINTS 
X CALCULATED POINTS 


ENVELOPE OF A-C COMPONENT 


10) 2 4 6 8 10 12 14 
CYCLES AFTER SHORT CIRCUIT ON 25-CYCLE BASIS 


Fig. 4. Short-circuit current versus time for a 
Scherbius frequency converter 
12,500 kva set, self-excited 


External short circuit impedance equals 20 per cent reactance 
and 9.75 per cent resistance 


The third equation completing the simultaneous 
set is of course equation 24. 

The voltages applied to the motor stator are, for 
such cases as a simultaneous 3 phase short circuit, 


Vas = Veesot e586 (1 — 1) (32) 

Vic = VeedoteIB e—F2x/3 (1 — 1) (33) 

where 

V, = peak value of line voltage, volts 

® = frequency of line voltage, electrical radians per second 

8 = initial electrical angle of voltage wave measured in electrical 
radians from positive peak of voltage 

1 = unit function, a function whose value is zero for negative time 


and unity for positive time. Thus V,, is the applied voltage 
for negative time and is zero for positive time indicating a 
sudden short circuit at time t = 0 


By writing the voltages as in equations 32 and 33, 
it is inferred that only the real part of a solution in- 
volving these voltages is to be kept. Substituting 
them into the general constant speed relations of 
equations 30 and 31 and solving for the phase cur- 
rents there results, 

4 Veeiot IB ejn/6 1 os 
Ge toys 90 rb ei) 

This equation is readily solved for the short- 

circuit current in phase a. 


(34) 


TESTS FOR SHORT-CIRCUIT CURRENT 


In a series of tests made by the writer, a 3 phase 
induction motor was connected as shown in figure 2. 

The rotor was driven at some constant speed and 
then switch S was closed. The transient current 
in phase a of the rotor was recorded by an oscillo- 
graph. The curves of figure 3 show the comparison 
between test and calculated results. The analysis 
was made using the procedure already described, 
merely solving for the rotor currents instead of 
stator currents, and considering that a rotor voltage 
was impressed. 

As another example of the use of this analysis, 
figure 4 indicates a comparison of test and calculated 
short-circuit currents for a self-excited Scherbius 
frequency changer. In making this analysis, it is 
necessary not only to include the effect of short- 
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circuiting the stator terminals but also the effect of 
the transient voltage impressed on the rotor must be 
considered. 


Appendix I—Derivation of 
General Equations for Stator Currents 


The following equations, 15, 16, and 5, are derived in the body 
of the report: 


Vas = (1 + pli’) (tar — tm) +. 3 ) 
pM’ [cos 0 (ta2 — te) + VW 3 sin 0 t2] 


Vater OG (nr OS} 
pM’ [cos 6 (toa — 42) + V3 Sin OZa2] 
O = (v2 + ple’) (ta2 — toe) + 
PM’ [cos 4 (ta1 — t1) — V3, sin @ zc] (16) 


O = (r2 + plo’) (to2 = te2) + 
pM’ [cos @ (a1 — ta) — V3 Sin 8 tai] 


tat + % + 4. = 0 
ton + A te fa = 0 @ 


For conciseness of notation the following 2 impedance functions 
are introduced. 


Zi(p) =n + pli’ 
Zo(p) = t2 + ply’ 


and from equations 16 and 5 


saz 


taz — the = — aa [cos 6 (4a1 — t1) — V3 sin 0 ia] | 
es eee an [easla Geeta Sreimoreen he 


a2 + 12 + te = 0 


From equation 18: 


= a [cos 6 (ta1 — %1) — V3 sin@ia] —1 0 


M’ : ; =e ‘ 
_ oe [cos 0 (#1 — ta) — V3 sin dia] 1 —1 
Bh at 
139 =| a a eee LO) 
1 —1 0 
| ee | 
1 1 1 
M’' ‘ ae ; , 
ia = — ae [ cos 6 te. + aa sin 6 (@ — in) | (20) 
Similarly 
ia = — $5 [ cos 9 ta + wet sin @ (tai — in) | (21) 
Substituting equations 18, 20, and 21 into 15 
M’ \ u 
Va = }Z1(0) — pM’ cos @ ae cos 6 + pM’ sin 6 a sin of x 
SAD ater a ; pM’ . * 
(tar — t1) + V3 \eM cos 6 Zab) sin 6 
: M’ $ 
pM’ sin 6 as cos 0 ter (22) 
, , 
Veo = 122) — pM’ cos 0 ae cos 6 + pM’ sin 0 aay sin of x 
nay Ws 3 pM’ . a 
(1 — ta) + V3 pM cos 6 Zp) sin 6 
Pete a DME ; 
pM’ sin 6 Zp) cos of dat (23) 
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The Determination of 
Circuit Recovery Rates 


Actual interruption of an a-c circuit de- 
pends upon the ability of the circuit breaker 
to prevent the re-establishment of the arc 
after the current goes through zero and the 
arc goes out. In some circuits full voltage 
appears across the contacts as quickly as 40 
to 80 microseconds following the current 
zero. This recovery rate in volts per micro- 
second depends upon the triple product 
of: the current interrupted, the normal 
frequency of the system, and the recovery 
impedance in ohms of the external circuit. 
The calculation of circuit recovery rates 
is given in this paper by presenting in curve 
and table form the ohmic recovery im- 
pedance, and its components, for all the 
practical circuits found in the field. 


By 
E. W. BOEHNE 


ASSOCIATE A,I.E.E. 


General Elec. Co., 
Philadelphia, Pa. 


1 ps recovery voltage rate of an a-c 
power circuit is the term given to the rate, in volts 
per microsecond, at which the voltage rises across 
the terminals of a circuit breaker immediately 
following the interruption of current by that breaker. 
The introduction of the knowledge of circuit breaker 
recovery voltages and the speed with which these 
voltages can appear has played an important rdle 
in correlating a group of seemingly unrelated phe- 
nomena regarding circuit breaker performance. 
Space will not permit here the enumeration of the 
many cases in which circuit breakers of similar design 
and apparently under similar conditions have be- 
haved so differently, only to find on investigation 
that the respective recovery rates were different, ex- 
plaining quite satisfactorily their behavior. Whena 
breaker is reported to be having difficulty in clearing 
the circuit, exhibiting these difficulties by throwing 
oil or by producing abnormally long arc lengths, from 
experience it has been found that the recovery rates 
for the circuit attached to such a breaker are usually 
abnormally high. In the past, the problem has 
masked itself behind other seemingly unimportant 
details. A single breaker, for example, will appear 


A paper recommended for publication by the A.I.E E. committee on protective 
devices, and scheduled for discussion at the A.I.E.E. summer convention, 
Ithaca, N. Y., June 24-28, 1935. Manuscript submitted Jan. 25, 1924; re 
leased for publication March 13, 1935. 
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almost human in its behavior, sometimes performing 
very nicely and other times exhibiting a great deal of 
grief. When studied, it is found that 2 or more re- 
covery rates exist for the one breaker, the difference 
being due to the particular circuit connections at the 
time of interruption. . 

In the recent purchase of the 3-cycle 287-kv im- 
pulse (piston driven oil blast) breakers for the 270 
mile Boulder Dam-Los Angeles transmission line, 
the engineers of the bureau of power and light, city 
of Los Angeles, included in the breaker specifications 
the recovery rate which the breakers must with- 
stand. The breaker performance was predetermined? 
from equations, developed over a period of years, 
employing recovery rate as one of the most impor- 
tant criterions for high speed circuit interruption. 
Completed tests on these and other impulse break- 
ers have been quite satisfactory, which fact lends 
the greatest support to the correctness of the theory 
and design. In the summary of these tests’ the rela- 
tion between recovery rate and oil pressure stands 
out as the most striking and useful correlation sup- 
porting both qualitatively and quantitatively the 
correctness of this principle of circuit interruption. 

Realizing the importance of this problem, it is 
the object of this paper to present a method of pre- 
determining recovery rates and at the same time to 
discuss the physics or mechanics of the problem 
whenever necessary. The method presented herein 
was developed in a special effort to simplify the cal-_ 
culation without sacrifice of accuracy. The method 
will be found particularly useful in a mass deter-- 
mination of the recovery rates for a complete high or 
low voltage system, and will enable a close com- 
parison of recovery rate for various circuits in such a 
system. The concept of recovery impedance has 
been introduced as a definite ohmic factor which 
defines the severity of the circuit or circuits in which 
the breaker is to be placed. In short, the recovery 
impedances for all practical circuits encountered in 
the field are calculated and appear in curve form in 
this paper. Their intelligent use will permit the 
rapid determination of recovery rates, the accuracy 
of the result being dependent upon the accuracy of 
the assumed circuit. These questions will be dis- 
cussed below. 


RECOVERY VOLTAGES—HYDRAULIC ANALOGY 


Imagine a large water wheel runner driving a 
generator under full load. Should the butterfly 
valve at the bottom of the penstock be suddenly 
closed, the velocity flow v of the penstock water of 
mass M would be suddenly interrupted. The 
stored energy in this body of water (1/,M/v?) would no 
longer have its normal outlet in the load of the water 
wheel runner and the result would be that an 
enormous force F would be built up at the valve. 
This force would be limited only by the combined 
elastic properties C of the water, adjacent penstock 
and valve. Should this force reach such proportions 
as to exceed the mechanical limit of the valve, caus- 
ing the valve to burst, the flow would be continued 
and the valve would have failed to interrupt the flow 


1, For all numbered references see list at end of paper. 
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due to the high recovery pressure of the circuit. 

Should a circuit breaker feeding a heavy d-c cur- 
rent be suddenly opened, the current flow J would be 
suddenly interrupted. The stored energy in the in- 
ductance L of the circuit (1/.LJ?) would no longer 
_ have its normal outlet in the load of the system and 
the result would be that a very high voltage V would 
be built up at the circuit breaker terminal. This 
voltage would be limited only by the electrical 
elastance or capacitance C of the adjacent circuit. 
Should this voltage reach such proportions as to 
exceed the insulation strength of the opening breaker, 
causing a flashover between the contacts, the current 
flow J would be continued and the breaker would 
have failed to interrupt the current due to the high 
recovery voltage of the circuit. 

The above analogy is not only figuratively cor- 
rect but mathematically the 2 problems are the 
same. In the d-c circuit the problem is 2-fold, not 
only must the magnitude of the recovery voltage be 


Table I—Average Values of Circuit Constants Which Depend 
Upon the System and Nature of the Fault 


Type of Fault kd kg kg kd kg kg 1.028 ko 
One line to ground.......... OSes Ol eras Ol 10 1.028 
Two line to ground.......... 150.3). sADprox.. ... LO Approx Approx 

L738) 1.73 1.78 
NEAT CSTOVIGINC Heri erslalevers chsrevelevrel« TOR ecm bret ul Ol. 1.373 
Three phase short circuit ....1.0......0.9 to I ton eer Or 1.05 
T05 1.05 
Three phase ungrounded short 
circuit or grounded short circuit 
on an ungrounded system....1.0.... 1.5 ....1.0to1.5 1.54 


restricted but also the rate at which this voltage 
appears must be kept as low as possible. In the a-c 
circuit, fortunately, the current passes through 
zero twice each cycle and normal circuit interrup- 
tion occurs at such a current zero, with the result 
that the magnitude inherently cannot exceed twice 
the crest value of the normal voltage; however, the 
rate at which this voltage recovers is quite important, 
as the breaker is endeavoring to establish insulation 
between the contacts immediately following inter- 
ruption. The criterion for satisfactory interruption, 


therefore, is that at all times the recovery of insula-. 


tion strength exceeds the recovery of voltage to the 
extent that no breakdown occurs during this period 
to re-establish the arc. 


TYPE OF FAULT 


The rate of rise of recovery voltage for the first 
phase to clear depends upon the magnitude of the 
normal frequency recovery voltage. Park and 
Skeats? give for the maximum voltage of the first 
phase to clear: 


1 Dye = Ra: ka- ka: E 
where 

kg 
ka — 
ky = 


E 


depends upon the ground conditions 
decrement factor 

quadrature reactance factor 
normal phase voltage 
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Grouping these constants into one constant kp, 
we have: 


1 Dp — ky: E 


Table I gives the average values of these constants 
for various types of faults. For a more complete dis- 
cussion of these constants the reader is referred to 
the above reference.’ 


NOMENCLATURE 


The following nomenclature will be used through- 
out this paper: 


normal voltage—line to line 

normal system frequency 

2rf 

inductance which limits the short circuit current 
root-mean-square short-circuit current in amperes 
electrostatic capacitance 

natural frequency 


1 
= orf, = 
SI era 


recovery rate in volts per microsecond 
Ln 
C 


& 
3 
| 


x 
SS 
ll 


= impedance in ohms 


n 
recovery impedance in ohms 
circuit constants. (See table I.) 


7™N N 
Wil 


The maximum recovery rate is defined as ‘“‘the 
slope of steepest line which can be drawn from the 
point of interruption to any point on the recovery 
voltage oscillations.’”’ See figures 2 and 7. 

Interruption is assumed to occur at a normal cur- 


rent zero. The faults are assumed totally reactive; 
Fig. 1. A field i CURRENT 


condition which 
may be approxi- 
mated by a single 
frequency equiv- 
alent circuit 


BREAKER 


TO SOURCE 
SHORT CIRCUIT 


EQUIVALENT 
CIRCUIT —> 


i. e., zero power factor. Only the case of a sym- 
metrical current is considered as this gives the 
maximum recovery rate. No factor has been in- 
cluded for the decrement of the recovery voltage. 
This phenomena tends to reduce the recovery rate 
several per cent. 


EFFECT OF CIRCUIT BREAKER 


In this paper recovery rates are calculated without 
including any of the effects of the circuit breaker it- 
self upon the recovery rate. This practice has been 
tentatively agreed to among the various manu- 
facturers for the following reasons: 


1. Inasmuch as the circuit breaker is solely a device to interrupt 
the circuit, regardless of how it accomplishes this feat, it would be 
unjust to rob the breaker of any of its qualities by imposing a re- 
covery rate specification, which included the effect of the breaker 
itself. In other words, if any breaker has the property through high 
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electrostatic capacitance, are drop, conducting properties after 
interruption, or any other incorporated scheme to reduce materially 
the severity of any test below the severity of the test circuit alone 
and in this way help to accomplish interruption, such a reduction 
will be credited to the breaker and the test record will state that the 
breaker has withstood the severity of the external test circuit. 


2. This allows the recovery impedance, which is a measure of cir- 
cuit severity, to become a straightforward circuit calculation in- 
dependent of all the effects of the breaker. 


In this connection it must be kept in mind that 
high recovery rate in itself can do no harm, and is 
only important when it allows voltages of appre- 


Y2-I-ost 
MAX. RECOVERY RATE 
Se 
SINGLE FREQUENCY f | J 
RECOVERY VOLTAGE 
to=Ty LC 
(vest) 
Sl ite 
74 
fe) 
< E 
5 _- 
a = 
SOMECIRGOIT ae 8330 MICROSECONDS 
CURRENT, — EXT CURRENT 
Zz 


SS or to 
ZERO VOLTAGE ~~ TIME 
BEFORE INTERRUPTION ae 

& SS 


Fig. 2. Composite diagram showing the nature of 
the recovery voltage for the circuit of figure 1. 
Maximum recovery rate is shown 


When L = 0.16 henrys and C = 0.01 microfarads, then to = 
126 microseconds 


ciable magnitude to appear in a very short period 
following interruption. For this reason, in some of 
the double frequency cases to follow the recovery 
rate may appear high, but the magnitude of the volt- 
age associated with these rates may be so low as to 
make them of little importance. This point will be 
discussed later. 


SINGLE FREQUENCY RECOVERY VOLTAGE 


In many cases the recovery voltage circuit can be 
represented by a single frequency circuit, as shown in 
figure 1. Consider the above fault to be on a 110-kv 
grounded 60-cycle system. With a short-circuit of 
200,000 kva, the inductance limiting the current is 
0.16 henrys. The symmetrical value of the short- 
circuit current is 1,050 amperes. An analysis of the 
circuit has shown that the total effective electro- 
static capacitance C to ground between the circuit 
breaker and the current limiting inductance is about 
0.01 microfarad. The equivalent circuit of this 
condition is shown in figure 1. 

The artifice* employed in calculating the recovery 
voltage in this and all recovery rate problems (see 
figure 2) is to introduce at the current zero at which 
interruption occurs, a current equal and opposite to 
the short-circuit current which would have continued 
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to flow had interruption not taken place. The re- 
sultant of these 2 currents is zero and satisfies the 
condition of interruption. As the only factor which 
is of interest is the maximum rate of rise immediately 
following interruption, all of which usually takes 
place within several hundred microseconds, the as- 
sumption that the current change during this period 
is linear introduces a negligible error. The current 
which is applied to the circuit is, therefore: 


got N/ Dalat (1) 
where 


4/21 = crest value of the short-circuit current 

w = Qf = 377 

t = time in seconds 

It is interesting to note here that the slope of the 
current which generates the recovery voltage is: 


t/t = V/2-I- w+ 1078 amperes per microsecond (2) 


Introducing the current of equation 1 in the circuit 
of figure 1, the resultant voltage will be: 


V, = V2-I-«-L(1 — cos bt) volts (3) 

where 

Fite fea 2 (4) 
“/ LC 

and 

V; = recovery voltage 


The form of this voltage is shown in figure 2. 
By inspection the product J-w-L is recognized as 
the rated root mean square voltage to ground. The 
crest value of the above recovery voltage is, there- 
fore: 


V+(max) = 2V2-I- «+L volts (5) 
and occurs at a time: 
t = aWLC 10° microseconds (6) 


Hence the rate of recovery of the crest voltage in this 
case would be: 

pe —— 
aVLC 

The maximum rate of rise for single frequency 

cases is 1.14 times that given by equation 7. A 


10~6 volts per microsecond (7) 


study of figure 2 will make this clear. Introducing 
this value and simplifying, there results: 
rr = 1.028-I-w- J 4 106 volts per microsecond (8) 


For the above example, ky) = 1, and this value is 
1,630 volts per microsecond, which is a relatively 
high recovery rate. Properly interpreted, it says 
that in 93 microseconds after interruption 151,000 
volts was available across the contacts in an effort 
to rekindle the are and prevent interruption. 

Equation 8 above is worthy of study. The circuit 


factor \ 4 appears and is here termed the recovery 


impedance of the circuit. It is purely ohmic in value 
and is that value which when multiplied by the 
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short-circuit current and system constants gives the 

recovery rate. In the above case it has a value of 

4,000 ohms. The dimensional relationships between 

equations 8 and 2 should be closely studied. 
Adopting the notation: 


= Z, = recovery impedance in ohms (9) 


Then the recovery rate formula becomes: 


rr = k:I-w-Z,-10~8 volts per microsecond (10) 


For values of k, see right-hand column of table I. 
If all recovery rate problems dealt with the simple 
single frequency circuit here analyzed, the above 
equations might be used and this discussion would 
terminate at this point. Study shows that the above 
circuit will represent only the very simple cases, these 


e. Fig. 3. Rela- 
ai L=0.16 HENRYS tionship _be- 
eet : 
= soe fora n= OHMS tween capaci- 
ay 
7 tance and re- 
3 | covery imped- 
X 6,000 } 
a} [ ance for a 
a i | ; 
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S quency recov- 
co} 
er 
000 | y voltage 
7 aes ae Ba 
ee 0 
0 0.004 0.008 0.012 0.016 0.020 0024 0.028 


CAPACITANCE IN MICROFARADS 


cases usually involving only a transmission line, 
and except where reactors are critically located, 
the recovery rates are quite low. The majority of 
circuits which are of real interest, those in the high 
recovery rate class, cannot be represented by a single 
frequency circuit, it requiring at least a double 
frequency circuit to give a close approximation. 

It is when attention is transferred from the single 
frequency circuits to the double frequency circuits, 
the concept of recovery impedance is found particu- 
larly adaptable. In short, it has been found that for 
all practical double frequency recovery voltage cir- 
cuits, the recovery impedance is determinable and 
still retains the desirable ohmic properties that it 
had in the single frequency case. This allows 
the adoption, for all circuits, of the simple formula: 


(11) 


To the system engineer all the factors will be 
known except the recovery impedance and he can 
set about to determine this impedance for any par- 
ticular circuit condition. This impedance, being ex- 
pressed in ohms and ranging from 30 ohms to 10,000 
ohms or higher, lends itself readily to interpretation. 
It is the accurate criterion for comparing one circuit 
with another independently of the current which is 
being interrupted. The recovery impedances for all 
double frequency circuits encountered in recovery 
rate problems have been calculated and appear in 
curve form in this paper. They will now be dis- 
cussed. 


rr = K-I-w+Z,-10~® volts per microsecond 
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RECOVERY CIRCUITS—GENERAL 


The major problem in accurately determining re- 
covery rates lies in the selection of the circuit and the 
constants to be used. At best, the circuits given 
in this paper, when used for recovery rate calcula- 
tions, are only approximations. They are the prac- 
tical lumped circuit equivalents of the circuits con- 
nected to the breaker terminals and describe roughly 
the manner in which the electrostatic capacitances 
are distributed among the inductances of the cir- 
cuit. The selection of the proper circuit to be used 
in any particular case and the value of the constants 
to be used to approximate the recovery circuit con- 
ditions is a matter of experience. No small part of 
this selection concerns just what parts of the circuit 
are important and what parts may be neglected 
without materially affecting the ultimate solution. 
A plot of the dependence of recovery impedance upon 
the electrostatic capacitance in the single frequency 
case already described is shown in figure 3. This 


EQUIVALENT CIRCUITS = TYPICAL CIRCUITS IN THE FIELD 


WITH OR WITHOUT 
4 REACT 


<i SHORT LINE OR 


(a) Ez ae EQUIVALENT CIRCUIT OF 2 


“J WINDING TRANSFORMER AND Evel 


AUTOTRANSFORMER FROM HIGH = 
VOLTAGE SIDE ; 


2 ; SHORT LINE OPEN 
(b) Le 7 far 
Cc CH | ALSO AUTOTRANS- FAULT 
FORMER FROM LOW. —L 


VOLTAGE SIDE 


—_) THIS CIRCUIT IS SELDOM FOUND IN THE 
FIELD. USEFUL IN MAKING CONVERSIONS 


feaus 
ALL OF THE ABOVE CIRCUITS = 


ARE EQUIVALENT, HENCE 
REDUCIBLE TO THIS SIMPLE FORM 


= MEANS 
EQUIVALENT TO” 


sf 
BREAKER 


TRANSFORMER REACTOR 
Fig. 4. Four double frequency equivalent circuits 
with one representative field condition. A\ll of 
the above equivalent circuits are equivalent to each 
other and reducible to the simple form of (d) 


curve shows the importance of determining the 
electrostatic capacitance as accurately as possible, 
especially when this capacitance is small. 

The accumulation of data, particularly the effec- 
tive electrostatic capacitances of electrical equip- 
ment, has been in progress for some time.”%7 
In many of the simpler cases of lines, cables, busses, 
bushings, reactors, etc., these constants are well 
known and calculations may be made readily. The 
major source of reliable data for the more compli- 
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cated equipment such as transformers and rotating 
equipment, especially when studied in the field, 
comes from the cathode ray oscillograph. These 
tests not only determine the particular recovery 
rates by actual measurement, but play an all- 


equipment. 


Table II—Master Table Giving in Compact Form the Equivalent Relationships for 
Determining Frequencies, Magnitudes, and Recovery Impedance. Conversion 
Equations to the AB Circuit Also Appear in This Table 


4. General Use: All curves may be entered with no and mo to determine frequencies, magnitudes, or 
recovery impedance for all circuits shown in this table. When so used the following relations hold: 
or = wp/Ks ; Lr = Jrla; Recovery Impedance = Z, = WrZp ; (See figure 7) 
wg = Kg: wa; Ls = JsLa; Recovery Rate = k-|-w-Z, 107% volts/microsecond (See text) 

9. The frequencies of all the circuits may be determined by entering frequency curves (figure 5) 
with either n and mor no and mo. When so used the following relations hold: 


If entered with n and m: 1 If entered with no and mo 
Op = 
oR = &m/Ks where VLC oR = wp/Ks 
ws = Kg: on Nee ws = Kg-wa 
ieee 
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* Values so chosen that LR- CR is greater than 1g-Cg. When LRCR = LgCg use special equations in appendix. 
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important part in establishing the effective con- 
stants of circuits consisting of a multiplicity of 
It is not within the scope of this 
paper to enlarge upon the problem of the circuit se- 
lection and constants, but to proceed on the as- 


sumption that these selec- 
tions have been made and 
the approximate circuits 
formed. It is hoped that 
the calculations here pre- 
sented will prove useful 
to the extent of creating a 
greater interest in a more 
accurate determination of 
these constants as related 
to circuit breaker perform- 
ance. 


DOUBLE FREQUENCY 
CIRCUITS 


The vast majority of re- 
covery circuits which can- 
not be approximated by 
the single frequency cir- 
cuit of figure 1 can be ap- 
proximated by 1 of the 4 
double frequency circuits of 
figure 4. These equiva- 
lent circuits comprise all 
the possible 4-parameter 
double-frequency circuits 
(neglecting resistance) 
which will be encountered 
in the study of recovery 
rates. They comprise one 
class, all having in com- 
mon a final through induc- 
tance path from the breaker 
terminals uninterrupted 
by capacitance necessary 
for the flow of current; as 
well as an initial through 
capacitance path from the 
breaker terminals unin- 
terrupted by inductance 
which is imperative to the 
nature of the phenomena. 
Each of these circuits con- 
tain the simple coupled 
parameters of figure 1 (as 
shown in heavy lines) and 
for study these parameters 
in all circuits will be given 
the subscript x. 


Thus: 
Vip = As Le, Ly, Lr (12) 
Cr = Ca, Ca, Cw, Cr (13) 


The 2 remaining parameters 
will be given the subscript 
m. Thus: 


Ib ae Lp, Ly, Ly, Lg (14) 
Ca = Cz, Cx, Cy, Cg (15) 
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Fig. 5. Frequency curves for the purpose of determining the frequencies of any of the circuits of table Il 


If entered with n and m If entered with no and mo 


eo = Kgwa 
op/ Ks 


og = Ksen 


wm/Ks 


OR OR 


Now these 4 circuits, although all different, may be 
made equivalent to each or any of the other 3 cir- 
cuits by the simple transformation of constants. 
(See reference 5, and appendix to present paper.) 
This fact is of great value, as they all may be trans- 
formed into the simple form R, S (figure 4d) which 
by inspection has the 2 frequencies isolated. It 
follows from equation 3 that the recovery voltage 


for this circuit will be: 
V, = k:I-w{Le(1 — cos wrt) + Lg(1 — cos wst)} (16) 


Here the frequencies and magnitude are both im- 


mediately available. They are: 

fe=-— = fs = = (17) (18) 
at 2¢y/L aCe Ae PLU Or 

Per unit amplitue of fp = Lr/Lr + Ls (19) 
Per unit amplitude of fg = Ls/Lr + Ls (20) 


It follows that due to the unrestricted equivalence 
of all of the circuits of figure 4, the above equa- 
tions enable the determination of the frequencies 
and magnitudes, and hence the recovery impedance 
of each of the circuits provided they in turn are con- 
verted into the form of figure 4d. The labor of these 
conversions, however, has been considerably con- 
densed in presenting table II. Here in simple 
arithmetical form are all the relationships required to 
determine the frequencies, magnitudes, or recovery 
impedances for all of the circuits of figure 4. The use 
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of table II is perfectly straightforward and will be 
outlined here: 


1. Having formed the particular circuit approximation suggested in 
figure 4; 


2. Determine mo and mo from table II for the particular circuit 
chosen. 


8. (a) To determine frequencies enter the curves of figure 5 with 
mo and mo determining Kg. Then: : 


or = we/Kgand ws = Kgwa; where wy = 2xfy 


(6) To determine the magnitudes of the above frequencies enter 
the curves of figure 6 with mp and mo determining Jp and Jg. Then: 


Lr = JrLaand Lg = JgL4 (Note: Jr+ Js = m + 1) 


(c) To determine recovery impedance Zz directly, enter the curves 


of figure 7 with mp and mp) determining Wry. Then: 
Zr = WrZpor (Zz = Zain some cases. See figure 7) 
4. In all of which: 


No, Mo, &B, WA, La, Zp, and Z,4 are determined from table II for the 
particular circuit under consideration. 


Hence to determine the recovery impedance of any 
of the circuits of table II requires, at most, the 
arithmetical computation of 9, mo, and Z, and read- 
ing one value, W,, from the curves of figure 7. 
In doing this actually the following operations are being 
performed automatically: 


1. The circuit chosen is converted by means of the conversion 
equations of table II into the form A, B of table II, chosen as the 
base circuit because of its frequent occurrence. 
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2. This new A, B circuit is then converted into the simple form 
R, S by means of the computed transformation curves of figure 5 
and figure 6. 

8. The 2 frequencies fp and fs so determined are plotted in 
(1 — cos) form at their respective amplitudes Lp and Ls and added 
as indicated by equation 16, and shown graphically in figure 7. 

4. The maximum slope is then drawn from the origin to this 
composite recovery voltage, as indicated at the bottom of figure 7, 
and this slope is the recovery impedance in ohms Z, determined 
from the product of Wr and Zz as computed above. A study of the 
above operations will suggest to the reader the possibility of performing 
the separate operations, all or any of which are made readily available 
here for the solutions of special cases. 


In table II will be found complete conversion 
equations to the A, B circuit. Quite often in circuit 
reductions and simplifications conversion relation- 
ships to the G, H and V, W circuits are necessary. 
These are given in tables III and IV. 

As previously mentioned, the recovery impedance 
as determined above includes the high frequency 
oscillations which may be of very low amplitude. 
Hence, it is desirable, where complete information 


FrIvE PARAMETER CIRCUITS 


In the determination of recovery rates of field 
conditions, quite often 5 parameter circuits are en- 
countered which require solution. Some of these 
circuits are shown in figure 8, all of which have only 
2 frequencies and may be reduced on inspection to 
any of the circuits of figure 4. For example, a is 
the most common of these circuits and is reduced as 
follows: . 

Separate the circuit as shown on the left of figure 
9. The right-hand side of this circuit is recognized 
as the A, B circuit. Transform this circuit to the 
G, H circuit by means of table III. Recombine with 
the left-hand side adding the 2 inductances in 
parallel. The result will then be a new G, H circuit 
which may be transformed into any of the other 
circuits as desired. The above 5 parameter circuit is 
found so frequently that it has been given a place 
on the master table, II, thus eliminating the necessity 


Wi No 
200 300 600 1000 


100 
MAGNITUDE CURVES 
se 60 
DETERMINE WR AND Ws FROM 
FREQUENCY CURVES — FIGURE 5 
Latls=Latle 30 
WRWs=WaWp / J 20 
10 
aa 6 
Pte tee 
ae “2 
GB peace. 
Bi pees: 
ae , i 
eo 
g 
qt 0.6 0.6 
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Fig. 6. Magnitude curves for the purpose of determining the magnitudes of the frequencies of figure 5 


is desired, to check the relative amplitudes from 
figure 6. On these curves will be found a line drawn 
which is 40 per cent of the total amplitude of 
(Jp + Js). Amplitudes below this line indicate that 
the magnitude of that frequency is less than 80 per cent 
of the normal voltage crest, this value being tenta- 
tively set up as a dividing line. Special curve sheets 
can be made easily which give the recovery imped- 
ance automatically neglecting the high frequency 
oscillations below any desired percentage of the 
normal crest voltage. Space here does not permit 
this extension of the above curves. 
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of the above transformations for this particular cir- 
cuit. Frequencies, magnitudes, and recovery im- 
pedance can be determined rapidly for this circuit 
as outlined for all circuits of table II. In a similar 
way the other circuits of figure 8 may be reduced to 
simpler forms; their infrequent occurrence does not 
justify their development here. 


REVERSIBILITY 


It will only be mentioned here that all of the 
above processes are quite reversible. That is, having 
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Fig. 7. Recovery impedance curves for all the circuits of table Il. These curves determine Z, of the recovery rate formula 


a cathode ray oscillogram from which 2 frequencies 
and magnitudes can be determined, and knowing the 
circuit and power conditions under which the film 
was taken, the equivalent lumped circuits which 
will reproduce the film may be determined by means 
of the equations and curves given in this paper. 

One of the practical uses of this reversibility is 
the development of lumped double frequency cir- 
cuits to approximate the transformer. It is known 
that transformers when oscillating at their natural 
frequencies exhibit many frequencies. Quite often 
transformers may be represented, as far as recovery 
rates are concerned, by a single frequency. In the 
majority of cases, however, greater accuracy will be 
obtained by representing the transformer by one 
of the double frequency circuits of table II. Greater 
accuracy than this is not warranted because the rate 
of change of current in the recovery rate problemi is 
usually not sufficient to excite higher transformer 
frequencies, and if excited their amplitude would be 
so low that they should be neglected. For general 
use, however, a knowledge only of the recovery im- 
pedance of a transformer or any apparatus is not 
sufficient because in the field setting the recovery 
circuit must be formed, including lines, cables, 
reactors, bushings, busses, transformers, etc., and 
hence each component element must be expressed 
in equivalent circuit form so that the approximate 
field circuit can be assembled as accurately as 
possible. (Recovery impedances cannot be added in 
series or in parallel except in very special cases.) 
The use of the double frequency circuit analysis in 
this paper will prove useful in the development of 
the equivalent circuits of the more complicated ap- 
paratus. 

In general, the highest recovery rates are associ- 
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ated with transformers, not because the recovery 
impedances are highest, but because the power 
concentrations are high, combined with moderately 
high recovery impedances. In terms of equation 
11, the product J-Z, is maximum. Higher re- 
covery impedances are associated with some of the 
current limiting devices, but inherently due to the 
restricted current, the product I-Z, is smaller. 
The use of resistors shunting current limiting re- 
actors, will considerably reduce the recovery imped- 
ance associated with reactors, especially when con- 
nected close to the breaker which must interrupt the 
circuit. The recovery impedances of shielded trans- 
formers will be found beneficially smaller due to the 
higher internal capacitance. Capacitors recom- 
mended for lightning protection also can be very 
effectively employed in reducing the recovery im- 
pedance of the circuit in which they arelocated. The 
electrostatic capacitance of metal clad bus structure, 
cables, and coupling capacitors are all beneficial 
to breaker performance especially when they pro- 
vide the major capacitance paths close to the breaker 
terminals. 


TRANSMISSION. LINES AND MACHINE WINDINGS 


When the only recovery circuit connected to a 
breaker is a long transmission line, the recovery 
impedance of the circuit is equal to the surge im- 


pedance of the line. This is the well-known y= 


value of the line. The above is true provided 
the line is so long that the first or subsequent re- 
flections do not affect the maximum recovery rate 
calculated on this basis. If the line is short, several 
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Table !II—Conversion Equations to the G, H Circuit 


Lats (Letts) (Cates) 3 


hte: 
Where Las (7352) 


Where Crs = ( ass 


) 


reflections must be included or approximated by 
using the r equivalent of a short line. 

When, in addition to a single or a double fre- 
quency recovery circuit, there exists an additional 
long transmission line attached to the circuit at the 
breaker, the recovery circuit will be altered by 
having in parallel across the breaker terminals 
a resistance equal to the surge impedance of the 
appended line. The presence of a long line con- 
nected at the breaker will, in general, cause the 
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Fig. 8. Some 
5 - parameter 
double- 
frequency cir- 
cuits all of 
which are re- 
ducible (as 
shown in figure 
9) to one of 
the equivalent 
circuits of fig- 
ure 4 


(a) (b) 


ei di 


recovery impedance to be so low that a complete 
analysis is unnecessary. Although the recovery 
impedance of the circuit, without the line so con- 
nected, cannot be added in parallel to the surge 
impedance of the line to form the final recovery 
impedance, the value so obtained will be found to 
be pessimistically higher than the value obtained 
by a rigorous analysis. 

As generator and motor windings have been 
shown to behave as transmission lines to such 
transients,’ their surge impedances determine their 
recovery impedances, subject to the same laws of 
reflections as mentioned above for short lines. If the 
machine windings have been made nonoscillatory’ 
(no neutral reflections) by properly grounding 
through a neutral impedance they may be con- 
sidered as long lines of the same surge impedance. © 

The lowest recovery impedances encountered 
are those of long cables connected to the breaker. 
Here the recovery impedance ranges from 30 to 70 
ohms. 


SUMMARY 
Circuit recovery impedance has been intro- 
duced as a true measure of circuit severity. It is 


an ohmic impedance Z, dependent upon the ex- 
ternal circuit, independent of the breaker. The 
maximum rate of change of current in amperes per 
microsecond at the moment of interruption of a 
short circuit at a normal current zero is dependent 
upon the type of fault, the steady-state short-circuit | 
current and normal frequency (k-J-w-107°). From 
Ohm ’s law, the product of amperes per microsecond 
and recovery impedance in ohms is volts per micro- 
second, which is defined as recovery rate: 


(11) 
For a single frequency circuit this ohmic recovery 


ry = k-I-w-Z,:10~8 volts per microsecond 


impedance is = , but in more complicated double 


frequency circuits the recovery impedance, although 
still ohmic, is dependent upon 4 factors: the 2 
frequencies and their corresponding magnitudes. 
The determination of these 4 factors as well as the 
direct determination of recovery impedance have 
been given in curve and table form for all the 
practical double frequency circuits which will be 
encountered in the field. 
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The flexibility of these circuits and their analysis 


have been indicated by extending their use to. 


some 5 parameter double frequency circuits often 
found in recovery rate studies. Their use for the 
purpose of determining the approximate equivalent 
circuits of transformers, for recovery rate purposes, 
has been indicated. 

It is felt that the introduction of the concept of 
_ recovery impedance as a single ohmic factor and the 
most important element in the recovery rate equa- 
tion, together with a rapid means of its accurate 


: Lp Ly 
| : : . : . ; 1. 


Fig. 9. Showing how figure 8(a) is reduced by 
means of table Ill to the 4 parameter, G, H circuit 
of figure 4 


determination will help the field engineer further 
to correlate recovery rate with breaker performance 
and to lead ultimately to its adoption as one of the 
factors which determine the rating of a circuit 
breaker. 


Appendix 


It is the purpose of this appendix to present the basic equations 
which prove the equivalence of the circuits of figure 4 and suggest 
the method of calculation of the curves of figures 5, 6, and 7. 

All the circuits of figure 4 contain one pure pair of coupled parame- 
ters as designated by the heavy lines. Giving these parameters 
the subscript 1, there results: 


L, = La,Le,Lw, Lr (12) 
Cr = Ca, Ca, Cw, Cr (13) 
The 2 remaining parameters take the subscript m, thus: 

Lm =, Lp, Lz, Ly, Ls (14) 
(Cha = (Gy (Gre (Gr Anos (15) 
Now let: 

n= e and m = = (21) (22) 
Mir t= alin Lim? On” Cm (23) 
Noga SS TOA OA ee dbp 2 (Cn ob OL Er™ (24) 


(The product L,-C, occurs only when these parameters are 
coupled in any manner. Hence, as no coupling exists between Lr 


and Cs: 

Nrs = LrCr + LsCs (25) 
Onm = V Nun — 4am (26) 
Lo = the impedance of the circuit if all the capacitances were 


removed (open circuited). Thus: 
IbES = (La + Lz), Le, Ly, (Lr af Ls) 


Cy = the impedance of the circuit if all the’ inductances were re- 
moved (open circuited). Thus: 


(27) 


q Chew ( CECE ) ss 

Co — Cr, Ce, Gy ae r ) (OR ae (Ce, ( ) 
M, 

fen et 29 

es (29) 
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The differential equation of each of the circuits of figure 4 is 
similar in form and the solution of these equations shows that the 
operational impedance Z, may be expressed by the following 
equation: 


ia Lop + C’p3 
its (aap + Np? + i) ‘ 


The following relations are then obtained by equating the re- 
spective coefficients: 


(30) 


M = Maz = Mex = Myw-= Mrs (31) 

N = Nas = New = Nyvw = Nas (32) 

Q = Qaz = Qex = QOvw = Qrs (33) 

Lo = (L4+Lz) = Le = Ly = (Le + Ls) (34) 
Ss = 4 es CyCw = CrCg 

Sigel i aes (es 2) w (es a) G) 


From these relations tables II, III, IV were compiled. 
The curves of figures 5, 6, and 7 were determined from the follow- 
ing relations: 


Let: 
Nr = (N —- Q), (36) 
Ns = (N+ Q), (37) 
N 
reais (ez) (38) 
N, 
oe (Ge (39) 
Then: 
. Ze ie EI tt 
ER 1 2C.0wr? § Cror? oy) 
Nepseo eC ae eae 
rote 2COuos? Osis oY 
26,0 be oA 
Che ree = mt Soreow i) 
a 260 aa 
Cs \ mal = rar ie 


The above 4 equations are general for all of the circuits of figure 
4. Their presentation in curve form was made possible by intro- 
ducing the ratios mand m. Hence, for example: 


Kyte ae ea (See figure 5) (44) 
2mn 

where 

q= (1 +mn+m) (45) 

i (=) and m = Z) (21) (22) 
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Capacitive Excitation 
tr Induction Generators 


Up to the present, applications of induction 
generators have been limited, mainly be- 
cause they must be paralleled with an exist- 
ing synchronous system to determine their 
frequency and voltage and to obtain their 
necessary excitation. The tests described 
in this paper show that an induction machine 
may. be operated as an independent or iso- 
lated generator at a predetermined voltage 
and frequency, with excellent wave form, 
by means of capacitive excitation. Fur- 
ther, proper choice and arrangement of 
the capacitors will result in a practically 
flat external load-voltage characteristic. 


By 
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4 ee DRIVING of an induction motor 
faster than synchronous speed causing it to generate 
alternating current power is quite well understood. 
Some installations of induction machines operated in 
this manner have been made, but as yet the practice 
of using induction generators has not been adopted 
to any appreciable extent. Probably the chief 
reason for this is that the induction machine must 
draw a lagging magnetizing current which up to this 
time has been supplied by the synchronous machin- 
ery of the system to which it is connected. This 
fact and the fact that the voltage and frequency of 
the induction generator are dependent entirely upon 
that of the connected system are the main disad- 
vantages of the induction machine acting as a gen- 
erator. Among the advantages may be listed the 
characteristic mechanical strength and ruggedness 
of the induction machine, decrease in station sus- 
tained short-circuit risk, the ability to run at high 
speeds, and relatively low initial and upkeep costs. 

The purpose of this paper is to show that an in- 
duction machine can be made to operate as an iso- 
lated or independent.generator, incorporating all the 
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foregoing advantages and omitting most of the main 
disadvantages, by supplying the exciting or mag- 
netizing current from static capacitance connected 
in shunt across the terminals of the machine. The 
following conclusions seem warranted: 


1. The induction machine with capacitive excitation will build up 
its voltage exactly as does a d-c shunt generator, the final build-up 
value being determined by the saturation curve of the machine and 
by the value of reactance of the excitation capacitance. 


2. Wave shape of the induction generator with capacitive excita- 
tion is sinusoidal. 

3. Frequency of the output is directly proportional to the rotor 
speed minus the slip speed. 


4. Machine constants can be compensated for quite well by means 
of series capacitance in the lines, resulting in a fairly flat external 
characteristic under unity power factor load conditions. 


5. The induction generator can be made to handle almost any 
type of load, provided that the loads are compensated to present 
unity power factor characteristics to the generator. 


6. Use of the induction generator with capacitive excitation may be 
made: (a) in laboratories where a source of sine wave power is 
desired; and (b) in installations of small capacity where single or 
3 phase power is required, and where the cost of a synchronous 
generator and auxiliaries is prohibitive. 


7. Present low cost of capacitors makes possible comparatively 
cheap installations, especially those of small capacity. 


8. Small series capacitive reactances required for ‘‘compounding”’ 
can be obtained by means of series transformers with the capacitors 
connected to the high voltage sides of these transformers. 


BuILD-UP OF GENERATOR VOLTAGE 


The build-up of voltage of the d-c shunt generator 
is known to depend upon residual magnetism in the 
field poles of the machine and upon the resistance 
of the field circuit, the final build-up voltage being 
determined by the field circuit resistance. It has 
been discovered that the induction generator with 
static capacitance connected in shunt across its 
terminals will build up its voltage in a manner simi- 
lar to the build-up of the d-c shunt generator. Re- 
sidual magnetism in the iron of the magnetic circuit 
sets up a small alternating voltage in the stator; this 
voltage applied to the capacitance causes a lagging 
magnetizing current to flow in the stator windings 
(machine applies leading quadrature current to the 
capacitance, or draws a lagging quadrature current). 
If the capacitance is of the proper value, the current 
that can flow will be large enough to increase the 
flux existing in the air gap. An increase of the air 
gap flux will result in a higher voltage, larger exciting 
current drawn by the capacitance, more air gap flux, 
and so on until the terminal voltage of the machine 
reaches its final build-up value. This value is de- 
termined by the saturation curve of the machine 
and by the capacitive reactance of the connected 
capacitance. 

Following is an analysis of the build-up of the in- 
duction generator with capacitive excitation: If 
both the saturation curve (terminal no-load voltage 
versus exciting current) and a straight line through 
the origin, the slope of which is the capacitive re- 
actance X,, are plotted to the same scales, the point 
where the straight line intersects the saturation 
curve is the final build-up point. This corresponds 
identically to the behavior of the d-c shunt generator 
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for which, if the saturation curve of the machine is 
known, the final build-up voltage for any particular 
field resistance can be predetermined by plotting 
on the same sheet and to the same scales the satura- 
tion curve and the field resistance, R, = E/I,. The 
point where the straight line, the slope of which is R,, 
intersects the saturation curve is the point where the 
voltage will cease to build up. In like manner, if the 
saturation curve of the induction generator is known, 
the final build-up voltage for any particular capacitive 
reactance can be predetermined as shown in figure 1. 
The results given here as well as every point on the 
curve check almost perfectly with the measured 
values shown as encircled points on the saturation 
curve. This close agreement of measured and cal- 
culated values gives assurance that the theory of 
build-up as outlined is essentially correct. It may 
be seen also from the d-c analogy that the capacitive 
reactance of the induction generator corresponds to 
the field circuit resistance of the d-c shunt generator. 
The curve of figure 1 is for 3 phase operation. Simi- 
lar results have been obtained for single phase opera- 
tion where excitation is obtained from capacitance 
connected across 2 terminals of the machine. 

An important part of the foregoing discussion 
centers around the saturation curve of the induction 
generator. This can be obtained in either of 2 ways: 
(1) by exciting the machine from a separate source 
of variable voltage of good wave form, keeping the 
power transfer zero between the machine and the 
source of excitation; or (2) by adjustment of the 
capacitive reactance, which gives a set of values on 
the workable portion of the curve. The results of 
these 2 widely different methods give practically 
the same saturation curve. 


FREQUENCY 


The frequency of the induction generator is di- 
rectly proportional to the actual speed of the rotor 
minus the slip speed. At no load, when the slip is 
practically negligible, the frequency is directly pro- 
portional to speed. Experimental results show this 
to be true. However, since the slip of the induction 


Fig. 1. No-load 
saturation curve 
and final build-up 
voltages of a 3- 
phase 60-cycle 
220-volt 5-horse- 
power induction 
generator _- with 
capacitive exci- 

tation 
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4 5 

LOAD AMPERES 
External load-voltage characteristics of 
machine of figure 1 with unity power factor load 


Fig. 2. 


Solid lines are for 3 phase operation; dashed lines for single 
phase operation 


generator increases with increasing load, it is seen 
that in order to maintain constant frequency, the 
speed of the rotor must be increased by an amount 
equal to the slip speed. If constant frequency is 
desired—as it generally is—the induction generator 
must be driven by a prime mover the speed of which 
increases with load. 


WAVE SHAPE OF INDUCTION GENERATOR VOLTAGE 


In the calculation of X,, the capacitive reactance 
used in the results of figure 1, the frequency was held 
constant at 60 cycles and it was assumed that the 
voltage wave was of sinusoidal form. The results 
obtained by these calculations checked very closely 
with the measured results, giving confirmation of the 
sine wave assumption. An oscillogram of the volt- 
age wave gave conclusive proof that the assumption 
was correct and that the voltage wave was actually 
a sine wave. This fact is perhaps of considerable 
importance. Heretofore, a sine wave machine was 
obtained as a result of much arduous labor and the 
solution of many complicated design problems; now 
a sine wave voltage can be obtained easily from an 
ordinary induction motor by the use of capacitive 
excitation. This fact may open a new field for the 
induction machine, especially for laboratory use 
where a sine wave voltage sometimes is required, 
and where the cost of a synchronous machine of 
proper design is prohibitive. 

Capacitive excitation was tried on 2 different in- 
duction machines: One was a General Electric 5- 
horsepower 3-phase induction motor having a 
squirrel-cage rotor with closed slots; the other was 
a Westinghouse 5-horsepower 3-phase motor, of 
older design having a regular squirrel-cage rotor with 
open slots. These machines built up their voltages 
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LOAD VOLTS 


LOAD AMPERES 
Fig. 3. External load-voltage characteristics of the 
machine of figure 1, “compounded” by inserting 
capacitance in series with the load 


Capacitance A was fixed at 192 microfarads; capacitance B 
was varied as follows: 


Curve Microfarads Curve Microfarads 
Be ere 84 Bt eked, 2 72 
1A" 4 ae Seed 81 (PASSE as os PA 69 
Ct oe ee 78 WRN Si Wat eet 66 
BN Sey ae 75 Ore. cars 63 


as already described, and gave a sine wave voltage 
when operated both as 3 phase and as single phase 
machines. 

To determine the effect of capacitive excitation 
on the wave shape of a synchronous generator, a 
synchronous salient-pole 3-phase 6.3-kva generator, 
having a flat topped voltage wave was subjected to 
a capacitive load. With no d-c field on the genera- 
tor, it was found that when the capacitive reactance 
was made low enough, the generator built up its 
voltage exactly as had the induction machine. The 
exciting current was naturally very high, as the re- 
luctance of the magnetic path was considerably 
greater than that of the squirrel-cage machine. It 
is interesting to note that the voltage wave of the 
machine with capacitive excitation was a sine wave, 
whereas the voltage wave of the machine running as 
a synchronous generator was not. No appreciable 
difference in the wave shape was observed when the 
field circuit was open or short-circuited. Further- 
more, it was discovered that with capacitive excita- 
tion the voltage wave held its sinusoidal form under 
load. 


Loss AND RESTORATION OF RESIDUAL MAGNETISM 


Operating as a shunt generator, a short circuit or 
too great a load will cause the induction generator 
to lose its voltage, and the residual magnetism of the 
rotor is destroyed, preventing the machine from again 
building up. Any method that gives temporary ex- 
citation to the iron will restore the residual magne- 
tism. A few methods that have been found are: 
(1) running the machine as a motor from an existing 
a-c system; (2) discharging a charged condenser 
through the stator windings while the machine is in 
operation; and (3) connecting a 6 volt storage battery 
across 2 terminals of the machine for a few moments 
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while the machine is at rest. All 3 of these methods 
have been proved successful in restoring the residual 
magnetism, thus enabling the machine to build up 
its voltage; but the third method, that of using a 
storage battery, is by far the most practical when 
dealing with an isolated generator where power from 
an existing system cannot be obtained. 


LOADING 


Having determined thus far that the induction 
machine under the influence of capacitive excitation 
will build up a voltage of sine-wave form and main- 
tain this voltage with stability, the next considera- 
tion that naturally comes to mind is that of loading 
the machine. Can this machine be made to supply 
power to a load and at the same time have reasonable 
voltage regulation characteristics? The answer to 
this question follows. 

Shunt Loading. The first load test consisted in 
placing a unity power factor load directly across the 
terminals of the machine with the capacitance con- 
nected as shown in the diagram of figure 1. Results 
of the preliminary test are shown in figure 2. Here | 
it may be seen that the voltage falls off quite rapidly 
with increased load, thus further bearing out the 
resemblance of this machine to the d-c shunt gen- 
erator. The voltage holds up better as the machine 
is operated at higher degrees of saturation, as might 
be expected. 

Loads of different power factors were tried in this 
connection. It was found that lagging loads caused 
the voltage to fall more rapidly, whereas leading 
loads held up the voltage. The effect of these loads 
was the same as that of an equivalent unity power 
factor load with the shunt capacitance increased or 
decreased according to whether the load in question 
was leading or lagging. 

Compounding. ‘The fact that leading power factor 
loads tend to hold up the voltage leads to the possi- 
bility of compounding the machine, that is, causing 
all loads to be effectively leading by placing series 
capacitance in the line wires as a permanent feature. 
This was tried and found effective in varying degrees 
depending on the initial voltage or saturation. A 
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Fig. 4. External characteristics of machine of figure 
1 with “flat compounding” as shown in the small 
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family of such curves is shown in figure 3. The 
magnitude of the series capacitance used in this test 
was chosen after some experimenting, which re- 
vealed that there is some optimum value of reac- 
tance that produces the best characteristics under all 
degrees of saturation. A check indicated that the 
capacitive reactance needed corresponds quite closely 
to the effective inductive reactance offered by the 
“machine windings. Further discussion of this point 
will be taken up later.. 

As to the general shape of the “‘compounded”’ 
curves, it may be noted that those taken at low satu- 
ration exhibit a pronounced dip initially, whereas 
at the higher saturations the dip practically disap- 
pears. For an explanation of this phenomenon, 
consider what occurs in the part of the circuit ex- 
ternal to the machine. The external circuit then is 
composed of a constant capacitive reactance in series 
with a variable resistance (the load). When the 
load is light, that is, when it has high resistance, the 
effect of the small capacitive reactance in series 
with it is practically negligible. Hence, initially, 
all curves of the family tend to follow the straight 
shunt form. As the load resistance decreases, the 
effect of the capacitance becomes more prominent 
and finally governs, bringing the voltage up again. 
If the normal shunt characteristic will carry over 
this dip and hold up the voltage until the series 
capacitance becomes effective, there will result an 
approximation of ‘‘flat compounding.’ This rea- 
soning is borne out by the appearance of the curves 
of figure 38. Figure 4 shows a typical external char- 
acteristic with load and terminal voltage plotted 
together with the power factor measured at the 
machine terminals. : 


SHORT-CIRCUIT CONDITIONS 


The effect of sustained overloads and sudden 
short circuits on any piece of electrical apparatus is 
of considerable importance. The investigation along 
this line for the induction generator with capacitive 
excitation was carried out in 4 sections: with both 
suddenly and gradually applied short circuits for 
the pure shunt connection and for the so-called 
“compound” connection. 

With the shunt connection, the application of a 
load causes a drop in terminal voltage which also 
decreases the current taken by the exciting conden- 
sers. The effeet is thus cumulative, and the ter- 
minal voltage drops to a point of stable equilibrium, 
providing that the load applied be not too great. 
- As the load is increased further, the terminal voltage, 
of course, decreases more and more rapidly, receding 
along the saturation curve until the straight portion 


is reached. At this point the machine becomes un-, 


stable, and the terminal voltage and current drop 
rapidly to zero. This phenomenon is shown plainly 
by the extended curve of figure 2. Under these con- 
ditions, there is no possibility for any abnormal 
voltage or current; beyond an unavoidable loss of 
residual magnetism there are no consequences. 
When the terminals of the machine with shunt 
connection suddenly were short-circuited, the final 
result was the same. There was a sudden rush of 
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current of extremely short duration through the 
short circuit, the magnitude of which depended upon 
the voltage existing at the capacitor terminals at the 
instant of application of the fault together with the 
resistance presented by the fault. This is what 
happens whenever a capacitance is discharged 
through a resistance; there are no abnormal volt- 
ages, and the current does not enter the machine. 
The machine current decayed in a matter of 3 or 4 
cycles, depending on the time constants of the ma- 
chine windings. This current never can be greater 
than that flowing in the windings at the time of ap- 
plication of the fault. All these facts were brought 
out by repeated oscillograms taken of current and 
voltage through the period of short circuit. 

Short circuits applied to the compound connec- 
tion present a somewhat different aspect. Series 
capacitance is placed in the line wires to cause the 
load current to lead the terminal voltage, thereby 
providing added excitation as the load is increased. 
As the load current is increased beyond a certain 
point, the drop in the series capacitive reactance ex- 
ceeds the rise in terminal voltage afforded by the 
added excitation, and the load voltage falls, finally 
to zero, as shown by the curve of figure 5. The 
machine terminal voltage, however, has been rising 
during this progressive decrease in load resistance. 
The final value to which this terminal voltage will 
rise may be determined graphically from the satura- 
tion curve of the machine, using for a value of X, 
the equivalent series value obtained from the com- 
bination of the shunt and series capacitances. This 
reasoning may be fitted easily to either the single 
or 3 phase short circuit. For the circuit shown in 
figure 5, the terminal voltage rose to 415 volts, this 
being applied to the series as well as the shunt ca- 
pacitors. When this short circuit was applied sud- 
denly, the same final results prevailed as for the 
gradually decreased load resistance. Short-circuit- 
ing the load merely amounts to suddenly increasing 
the shunt capacitance to an amount equal to the 
sum of the shunt and series capacitances. There 
may be a sudden, brief rush of current to the series 
capacitors at the instant of application of the fault 
as they become charged to, and begin to operate 
under, a higher voltage. However, there will be 
no voltage surges to damage the capacitors. 

An oscillogram, selected from several taken, 
showing the voltage and current in the series ca- 
pacitors through the period of the short circuit is 
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reproduced in figure 6. The departure of the cur- 
rent from true sinusoidal form is, no doubt, a result 
of the abnormally high degree of saturation existing 
in the iron of the machine with the high terminal 
voltage. There is no possibility of a voltage surge, 
and the final steady-state voltage probably will not 
be in excess of twice the terminal voltage under 
normal conditions. Furthermore, the current will 
not be greater than 3 times its normal value. If 
series transformers are used in connection with the 
series capacitors, even these abnormalities are elimi- 
nated. Consequently, for the compound connection 
no detrimental effect on the equipment will result 
from a short circuit, if the series capacitors either are 
capable of withstanding roughly double the rated 
terminal voltage or are operated in connection with 
series transformers properly selected. The machine 
will be unaffected if the short circuit is removed be- 
fore serious overheating occurs. 

From this discussion, it may be seen that no se- 
rious effects will result from the gradual or sudden 
short circuit of an induction generator operating with 
capacitive excitation. In the shunt connection, 
short circuits can do no harm under any condition. 
In the compound connection, there need be no diffi- 
culty. 


COMPENSATION 


A consideration of the familiar equivalent diagram 
of the induction machine, shown in figure 7, reveals 
that the various reactances of the machine are 
grouped in a T section. If these reactances re- 
main reasonably constant, it should be possible to 
compensate for them completely with a suitable T 
or II section of capacitance, neglecting for the mo- 
ment, all voltage drops resulting from copper and 
iron losses. This assumption seemed reasonable 
from the fact that the best compounding results 
were obtained with a series capacitance correspond- 
ing in reactance to the appropriate value of induc- 
tive reactance to be placed on such a diagram. 
This general scheme was tried, but was found not to 
give sufficient advantage over the former method 
to warrant the added capacitance required. 

It might be supposed that with proper compound- 
ing an induction generator could be compensated to 
carry loads of all power factors, but such is not the 
case. The behavior of the voltage under different 
load conditions always follows the same trend as 
was exhibited by the shunt machine. In justifica- 
tion of this (assuming the validity of the equivalent 
circuit) it should be remembered that the resistance 
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Fig. 6. Oscillogram showing volt- 
age and current in series capaci- 
tance of compounded machine 

during short circuit 


Conditions before switch S was closed: 
voltage (V;) 175 volts; current (V2) 12.7 
amperes; load volts 238. Conditions 
after switch S was closed: voltage (V1) 


Bene 415 volts; current (V2) 30.0 amperes. 
S (All current and voltage values are 
effective) 

V2 


shown at the left of the diagram in figure 7 multi- 
plied by J,” represents the internal load of the ma- 
chine. The magnitude of this resistance is given 
as R = r, (1—s)/s, where 72 is the rotor resistance 
referred to the stator, and s is the slip. If the slip 
becomes negative (machine generating) this resist- 
ance becomes negative and may be replaced by an 
equivalent generator, but this generator can furnish 
power only at unity power factor. Hence, with the 
machine compensated, the reactive component of 
the load current cannot be fed from this hypotheti- 
cal generator, but must circulate through the part 
of the circuit that furnishes excitation. Thus, the 
reactive components of the load currents add or sub- 
tract from the machine excitation as before. 


CAPACITIVE NETWORKS 


Various connections of the shunt and series capaci- 
tances may be used to obtain essentially the same re- 
sults as are shown in figure 3. Besides the method 
of placing the shunt capacitance directly across the 
terminals and the series capacitance in the line wires, 
as first tried, the idea may be reversed, placing the 
series capacitance inside the shunt—that is, a “‘long 
shunt”? connection. 

A comparison of the “long”? and “short” shunt 
connections brings out the following facts: In the 
short shunt connection the voltage applied to the 
shunt capacitors rises with the terminal voltage; 
hence, more exciting current is obtained automati- 
cally in a cumulative manner. The difference be- 
tween the machine and load voltages is only the drop 
in the series capacitors, which is small. In the long 


Fig. 7. Equiva- 
lent diagram of a 
single phase in- 
duction machine 
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shunt connection the voltage applied to the shunt 
capacitors drops with the load voltage. Further, 
the load voltage in effect is tapped out of a capaci- 
tive potentiometer connection, resulting in a low 
ratio of load to terminal voltage, which is not to be 
desired. Since any other network is necessarily a 
compromise between the 2 simple short and long shunt 
connections, not much work was done in this di- 
rection. The short shunt connection was found to 
give results equal to any of the others, and, being 
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the most economical of capacitors, it was adopted as 
a standard. 


SINGLE OR 3 PHASE OPERATION? 


Early investigations were conducted with the 
machine operating as a 3 phase generator with delta 
connected capacitors. To simplify the work an at- 
tempt was made later to operate the machine as a 
single phase generator. Experimentation and com- 
parison showed that the characteristics for either 
are identical. This fact is brought out clearly by 
the curves of figure 2 where both the 3 phase and 
single phase curves correspond exactly as to shape. 
Furthermore, the bottom curve of figure 2 is for 
both 3 phase and single phase operation. It was 
discovered further that the constants or values of 
capacitance for either case could be translated quite 
easily to the other. In the single phase method, the 
wye connected machine was operated with 2 of the 
phases in series. As a result, in compensating, 
the series capacitive reactance must be approximately 
twice the 3 phase value, since it must balance out 


Effects of Saturation 


the inductive reactance of 2 of the phases. In re- 
gard to the shunt capacitance, remembering that 
to operate at the same voltage (either single or 3 
phase) the iron of the machine must be at the same 
saturation, it might be supposed that the same 
kilovolt-ampere value of capacitance would be re- 
quired for either single or 3 phase operation. This 
relation checked quite closely experimentally. 

To obtain large values of capacitance for series 
use, series transformers may be used with small-ca- 
pacitance high-voltage capacitors. The operation 
of a capacitor through a transformer gives the capaci- 
tor an effective reactance equal to its actual reac- 
tance multiplied by the square of the transformation 
ratio. Operation in this manner is satisfactory so 
long as the transformers are operated well below the 
knee of their saturation curves. 
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on Machine Reactances 


The effects of magnetic saturation on the 
various types of reactances used in calcula- 
tions on synchronous machines are con- 
sidered in this paper. Saturation factors for 
the important constants used in transient and 
unbalanced load calculations are presented 
in curve form. These data are taken from 
short-circuit tests on a large number of ma- 
chines. The saturation factor for transient 
reactance under conditions encountered in 
stability calculations is difficult to test di- 
rectly so the test data are supplemented 
by theoretical calculations. 


a as new methods of analyzing syn- 
chronous machine performance under transient or 
unbalanced load conditions have introduced a large 
number of new constants.*? The method of sym- 
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metrical components requires negative and zero 
sequence reactances (x, and x 9) and an accurate 
analysis of transients requires transient and sub- 
transient reactances (x,’ and x,”) and transient and 
subtransient time constants (7,,’ and 7,”) as well as 
the synchronous reactance (x,). 

These new theories were developed either on the 
assumption of no saturation or of fixed permeability. 
In 1929, the company with which the writer is as- 
sociated started a series of tests to determine the 
effects of saturation and to check methods of calcu- 
lation. Several parts of these data were presented 
in an A.I.E.E. paper,® by S. H. Wright, in 1931. 

An A.I.E.E. committee report? on “Proposed Defi- 
nitions of Terms Used in Power System Studies,”’ 
by H. K. Sels, lists the constants which are effected 
by saturation but gives no quantitative data on 
saturation nor does it state which value of the con- 
stant is to be understood when the degree of satura- 
tion is not specified. It may not be desirable in a 
list of formal definitions to limit the value of the 
constant to any particular degree of saturation. 
However, for practical purpose it would be very use- 
ful to have standard curves showing the effects of 
saturation on the constants of typical machines and 
also to have an accepted value (either saturated or 
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Fig. 1. Saturation factors for 
subtransient and negative se- 
quence reactances 
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Factor is ratio of partially saturated to saturated value 

Curve A—For 2 pole turbine generators with solid rotors 

Curve B—For 4 pole turbine generators with solid rotors 

Curve C—For salient pole machines without damper windings 

For salient pole machines with damper windings no correc- 
tion is necessary 


unsaturated) for each constant which is to be under- 
stood when the degree of saturation is not specified. 
In this paper curves showing the effects of saturation 
on the more important constants are given. These 
curves are based upon the test data, except in the 
case of transient reactance where the test data are 
supplemented by calculations, since tests under con- 
ditions encountered in transient stability studies are 
difficult to obtain. 

It is concluded that one value of each constant is 
all that is needed for most cases. A choice of satu- 
rated or unsaturated values for each constant as the 
value to be understood unless otherwise qualified is 
recommended in this paper. This choice is based 
upon the most common use of the quantities and the 
value which gives the least error for most applica- 
tions. 


METHODS OF DEALING WITH SATURATION 


It is generally agreed that the reactances of turbine 
generators are affected by saturation, and the test 
data of table I show that the transient reactance of 
salient pole machines is also affected. In using these 
constants for different applications it is necessary to 
apply correction factors if very accurate results are 
to be obtained. There has been considerable dis- 
cussion as to which value (saturated or unsaturated) 
should be used as a reference. 

Theoretically it would be more simple to define all 
the constants as unsaturated values and then apply 
reduction factors to obtain the saturated or partially 
saturated values. This method has the practical ob- 
jection that if the unsaturated value of subtransient 
and negative sequence reactance of turbine generators 
were used in the calculation of short circuits, the 
currents obtained might be too low by as much as 
35 per cent. The most common use of these 2 con- 
stants is in the calculation of short-circuit currents 
and those who make such calculations often do not 
have time, or are not sufficiently familiar with the 
refinements, to apply saturation factors. If the 
saturated values (that is, values which would be 
obtained by sudden short circuit from full voltage) 
are used, the results are correct for sudden short 
circuits near the machine and the errors are small 
for short circuits through considerable external re- 
actance, since the machine reactance is then only a 
part of the total. Furthermore, if standard satura- 
tion factors are applied to these constants for turbine 
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generators, the errors due to variations in individual 
machines will be greater if the saturation factors are 
applied to the unsaturated values, than if the satu- 
rated value is used as a base. 

With these practical considerations in mind, it is 
suggested that the one value which can be used in most 
calculations and which should be understood, unless 
otherwise specified, be the saturated value for the 
following constants: (1) the transient reactance 
x,'; (2) the direct axis subtransient reactance x,"; 
(3) the quadrature axis subtransient reactance x,"; 
(4) the negative phase sequence reactance x2; (5) 
the zero phase sequence reactance %; (6) the tran- 
sient time constant TJ,’; (7) the subtransient time 
constant T,”; and (8) the armature time constant 
Ls, 
In using the synchronous reactance, saturation 
must ordinarily be considered but saturation may be 
dealt with by using the saturation curves of the 
machine; hence, it is best to define the synchronous 
reactance x, as the unsaturated value. The other — 
quadrature axis reactances and time constants of 
turbine generators and the quadrature axis syn- 
chronous reactance of all machines are affected by 
saturation. Since these constants are less commonly 
used and sufficient test data have not yet been ob- 
tained to determine these saturation factors defi- 
nitely, it seems best to suggest that, unless otherwise 
qualified, the unsaturated values of these constants 
are to be understood. 

There has been some objection to using the 
saturated values as a reference on the grounds that — 
short-circuit tests at full voltage are required. 
However, short-circuit tests of some type**® must be 
employed to obtain the time constants of all ma- 
chines, and the transient reactance of all, except 
salient pole machines without damper windings. If 
standard saturation factors similar to those given 
here were adopted, the unsaturated values could be 
tested for by locked tests and short circuits at re- 
duced voltage, and the correction factors applied. 

Tests show that certain of the constants are not 
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appreciably affected by saturation and for these 
locked tests or other tests giving the unsaturated 
values are at all times applicable. The tests made 
show the following reactances to be effected to such 
a slight extent that for practical purposes satura- 
tion may be neglected: the subtransient and 
negative phase sequence reactances (x,”, x,,” and x2) 
of salient pole machines with damper windings, the 
‘subtransient time constant 7, and zero sequence 
reactance x» of all machines. Test on one large 25 
cycle single phase machine showed a reduction of 
subtransient reactance of 0.83 so that this type of 
machine should be considered an exception to the 
above rule. It is suggested that the same ratio of 
saturated to unsaturated value of x,”, x,”, and x2 of 
large 25 cycle machines be taken as the same as that 
for transient reactance as shown by curve B, figure 2. 


SATURATION FACTORS 


Subtransient and Negative Sequence Reactance. 
The average variation in the subtransient reactance 
of solid rotor turbine generators is plotted in curves 
A and B, figure 1. These data with the exception of 
one additional test are taken from the data given in 
figure 23 of S. H. Wright’s paper. The term solid 
rotor includes plate rotors but not those made of 
thin laminations. The test data for values of cur- 
rent less than 1.5 times rated current were deter- 
mined by locked tests and those above this value were 
determined by sudden short-circuit currents. 

For these same machines where line to line short 
circuits were also made the negative phase sequence 
reactance was determined from the single phase sub- 
transient x,"¢ as: 


= V3(x'1s) — xa" 


These results, although less consistent than the values 
of x,” showed that the same saturation factors 
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Curve A—Short circuit test from rated voltage, no load 
Curve B—Normal operation as a motor or generator 
Curve C—Condenser under load 

Circles—Test points from short circuits at no load 


(curves A and B, figure 1) determined for the sub- 
transient reactance could be used. A complete 
analytical calculation of transients in turbine genera- 
tors is impossible since the number of damping 
circuits formed by the solid iron of the rotor is in- 
finite. An approximate analysis does indicate, how- 
ever, that for the same root mean square sym- 
metrical current, the depth of penetration in the iron 
of the flux on 60 cycle locked test is about the same 
as that on short circuit at the end of the first half 
cycle. Since the peak at about one-half cycle is the 
first point on the oscillogram which influences the 
determinations of x,”, it would seem that the locked 
test should give about the same reactance as sudden 
short circuit for the same currents. The test curves 
(figure 23 of S. H. Wright’s paper®) do not show any 
locked and sudden short-circuit values at the same 
current, but the points from both tests seem to be on 
the same general curve. In several tests load was 
dropped suddenly and the initial rise in voltage 
measured to give the subtransient reactance at lower 
currents. These values agree quite well with the 
values obtained by locked test at the same current. 

The subtransient and negative sequence reactances 
of salient pole machines as determined by locked 
tests, sudden short circuit, or other tests* agree quite 
well and show a negligible amount of saturation. 
Theoretically, one would expect an appreciable satu- 
ration in the tips of the partially closed damper 
slots, but this generally constitutes only about 0.10 
or 0.15 of the total, hence, the reduction in the total 
reactance is negligible. 

Saturation Factors for Transient Reactance. The 
transient reactance for a number of turbine generators 
and salient pole machines was determined by short 
circuits at full voltage and at one or more lower volt- 
ages. The results of these tests are shown in tables 
I and II. There are a number of inconsistencies in 
the several values determined for some of the 
machines, indicating a maximum test error of about 
+8 per cent. However, these tests do indicate 
definitely that for the machines tested the average 
ratio of the transient reactances determined by short 
circuits at full voltage and half voltage is 0.88. 
These test ratios for salient pole machines are shown 
by the points on figure 2. Curve A, figure 2, gives 
the calculated reduction of the transient reactance 
as determined for a typical salient pole machine by 
the method developed in appendix A and seems to 
agree within the limits of error with the test results. 

Curve B shows the reduction factor for a typical 
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Fig. 3. Satura- 
tion factors for 
transient react- 
ance of turbine 

generators 


8 10 


4 6 
ARMATURE CURRENT 


2 
(PER UNIT) 


Circles—Test points on 2 pole turbine generators, short 
circuit from full voltage 
Dots—Test points on 4 pole turbine generators, short circuit 
from full voltage 
Triangles—Test values obtained by suddenly applied loads, 
measuring transient change in voltage 


salient pole machine under conditions similar to those 
encountered in transient stability problems. In the 
calculation of curve B, the machine was assumed to 
be operating with (Z,’ + E,) = 1.30 and x, = 1.15 
(see appendix B for symbols) which would corre- 
spond to an initial condition of unity power factor 
with the saturation ampere turns equal to 0.3 of the 
gap ampere turns. It was also assumed that the 
quadrature axis current was equal to the direct 
axis current, although the quadrature axis current 
can vary quite widely without greatly affecting the 
result, since it adds to the saturation on one pole tip 
and subtracts on the other. The range of current 
encountered in transient stability problems is gen- 
erally from 1 to 3 times rated current and the aver- 
age reduction between these points, indicated by 
curve B, for these currents is 0.895. 

Curve C is calculated by the same method for a 
synchronous condenser which may be swinging about 
the mean position. (£,’ + #,) = 1.45, which cor- 
responds to a saturation ampere turns equal to 0.25 
of gap ampere turns for x,’ = 0.20 and x, = 1.40. 
The range of currents encountered in calculating the 
swings of a condenser in a stability problem is gen- 
erally from 1 to 2 for which the average reduction 
factor, from curve C, is 0.87. 

For turbine generators the tested transient re- 
actances (table II and figure 3) show similar ratios 
of values measured by short circuit at fuil and at 
half voltage. The effects of saturation on the tran- 
sient reactance of turbine generators cannot be calcu- 
lated by any relatively simple manner, such as that 
used for salient pole machines. The calculation of 
the reduction factor k,,, for the saturation of the 
main magnetic circuit is the same as for salient pole 
machines. This fixes the reduction in transient re- 
actance when operating at full voltage with low cur- 
rents as about 0.97. The remainder of the curve is 
drawn from the test points in figure 3. 

Saturation Factors for Time Constants. Tests® 
show that the open circuit transient time constant 
T9’ is not appreciably affected, nor is the sub- 
transient time constant 7.” of either turbine genera- 
tors or salient pole ‘machines. 

The test data of tables I and II show that on the 
average the transient time constant 7,’ varies in the 
same manner as the transient reactance. If the 
variation is assumed to be exactly the same, the rela- 


noi. = = T\0’ is still maintained. 
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SUMMARY 


From the data presented here, it is concluded that 
there is one value of each of the important constants 
of a synchronous machine which can be used for most 
purposes and which should be understood unless the 
value is otherwise qualified. The one value to be 
used for most purposes is the saturated value for the 


following constants: 


Transient reactance ee 
Direct subtransient reactance = x" 
Negative sequence reactance I 60} 
Zero sequence reactance = Xo 
Quadrature axis subtransient reactance = +,” 
Transient time constant — slid 


The synchronous reactance x, should be understood 
to be the unsaturated value as now defined by the 
A.I.E.E. Data have been presented in the curves of 
figures 1, 2, and 3 from which the relations between 
saturated, unsaturated, or partially saturated values 
can be obtained. 

Table III gives the average ratios between the 
saturated and the unsaturated values of the con- 
stants. 

The term “‘saturated value’ as used here means 
the value which would be determined by a sudden 
short circuit from full voltage. This does not mean 
that it would be necessary to make sudden short- 
circuit tests at full voltage in every case to establish 
the value of the constants, since some of the simpler 


, 


Fig. 4. Equivalent circuit for 
transient reactance 


tests can be made for the unsaturated values and the 
saturation factors given here applied to determine the 
saturated value. 

The curves of figures 1, 2, and 3 may be used to 
determine the saturation factors to be applied to 
either saturated or unsaturated values of normal 
machines. Although individual machines will vary 
somewhat from these average factors based upon 
typical machines, the application of such factors does 
give an increase in the accuracy over that which 
could be obtained by using a single value. 


Appendix A—Effect of Saturation 
of the Main Magnetic Circuit 


The total reduction of transient reactance due to saturation may 
be considered in 2 parts, first, due to saturation of the main magnetic 
circuit, and second, due to saturation of the leakage paths. These 
will be calculated separately as 2 separate factors which may be 
multiplied to give the total reduction factor. This method is not 
rigorously correct, since saturation in the one part affects the other 
but these secondary effects are small and will be neglected. 

The eduction factor k,, due to the saturation of the main mag- 
netic circuit is very readily calculated if the transient reactance is 
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resolved into its components: armature leakage x, field leakage 
xr, and magnetizing reactance xgqg as shown in the equivalent 
circuit of figure 4. 

The reduction in permeability of the parts of the main magnetic 
circuit has an effect equivalent to increasing the air gap or of directly 
reducing Xag. If the total ampere turns required to take care of 
saturation is F; = E,F, where F, = the no-load gap ampere turns, 
and #, = per unit excitation required for saturation; the gap 
ampere turns for the given flux is E,F,, where E, = per unit air gap 


voltage. Then the factor by which xq, is dividedis: k, = oe 
g 

The unsaturated transient reactance xz, may be calculated as 

ye XP *Xad 
ae eT cr +> Soa (1) 
The saturated value x} may be calculated as: 

DT we k mi _ XRF * Xad 
*a oi ma a RsXp + Xaa (2) 
From this relation k,, may be calculated as: 

x1 xr Xad 

Fim = Xau + Nau \Retr + =) :) 


For a normal relation between the reactances: k,, = 0.98 for k, = 
1.15, which is typical of no load; and for k, = 1.30, which is a typical 
full load value, ksm = 0.957. 


Appendix B—Effect of Saturation of the Pole Tips 
on Transient Reactance of Salient Pole Machines 


The effects of pole tip saturation were studied originally by calcu- 
lating the densities throughout the pole tip for various values of 
armature and field currents. Out of this study the following simpli- 
fied method was developed based upon the assumption that the 
ampere turn drop in the pole tip is the same as if the density at 
every point was the same as at a point A, 1/3; the way from the 
body to the end of the pole tip. 

The pole tip leakage flux per inch oflength ¢,, = »/ where F 
is the total field ampere turns per pole and },, is 3.19 times the ratio 
of effective width to length of path for the pole tip flux up to the 
point C. See figure 5. The point C was chosen so the pole tip flux 
up to this point includes the differential leakage of the field which 
was caused by harmonics of the field form. The differential leakage 
is assumed to vary with saturation in the same manner as the pole 
tip leakage. 

The air gap flux per inch ¢, which enters the pole tip up to the 
point A (which is !/3 the way from the pole body out to the end of the 
pole tip;, see figure 5) may be calculated by assuming that the net 
magnetomotive force acting across the gap at the center of this 
section (point B, figure 5) is the field ampere turns F# minus the 
armature magnetomotive force at this point. The point B is 
normally about 60 degrees from the pole center and the ampere turns 


acting across the gap may be takenas Fy (3 = 0.8661, a where F'4 


= the maximum armature magnetomotive force. The assumption 
that the ampere turn drop is the same as if the density were the same 
as at point A throughout the pole tip, leads to a simple method of 


Table Ill—Average Ratios Between Saturated and Un- 
saturated Values of Constants 


= 


Turbine Generators 


Salient Pole Machine (Solid rotor) 


Without 2 4 


With 
Constant dampers dampers pole pole 
Transient reactance............-- OR88 eo 8% ORSSipe se OVS8Sities ees 0.88 
Subtransient reactance............ Ps Ouiact area QUSS ere Of654 ae 0.77* 
Negative sequence reactance...... 7 ie eae ae O588.55 car OFG5 se 0.77% 
Zero sequence reactance.......... USO ea een 1 Oeeibaces Ms O Ratan eee 10 
Transient time constant.......... OnSSzpecrscer ORSS art ORSS Pera scents 0.88 


* The ratio of the saturated value to the rated current value of subtransient and 
negative sequence reactance of 2 pole turbine generators is 0.73, and the same 


ratio for 4 pole turbine generators is 0.87. ‘ 
For large 25 cycle single phase machines the ratio of saturated to unsaturated 


value of subtransient and negative sequence reactances is 0.88. 
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Fig. 5. Diagram of pole tip Fig. 6. Diagram of pole tip 
flux at no load, no saturation flux at no load assuming unit 
permeability in the pole tip 


calculating the saturation effects. The saturation curve of the iron 
will be approximated by assuming that for densities below 125,000, 
negligible saturation exists and any flux above this value requires 
the same ampere turns as if it were in air. The pole tip leakage field 
assuming unit permeability for the pole tip is shown in figure 6; 
the pole tip and belt leakage for this condition is about 0.2, the 
value which would be obtained with no saturation; and Jz and I, 
are the per unit direct and quadrature axis components of current. 
The + sign is used for one pole tip and — for the other. It can be 
shown that, approximately: 


Pee vr [F ey PT (2 ok 0.8667, ) | 


The density Bp, which would exist at the point A if no saturation 
existed would be: 


ish ot su dot 


See eS) E # 0.8667, | i 
hi 2 


Apt hot 


where hp,’ = depth of pole tip at point A, as shown by figure 5; 
subtract !/, the depth of the damper bar to give effective depth. 

As a reference it is convenient to calculate the pole tip density at 
no load (Bo) 


Met an) 


Bo => i ( Tpit 


where F, = the gap ampere turns at rated voltage. 


Qo F ~ Agt Fa Ta 
[ Bx = Bo \z (= au x.) Fr E st 0.8667, | 


Hence, this part of the reactance is reduced by the factor: 


125,000 125,000 
epee 2 poe emt tate 
[ Bie ie (1 By )] 


For the purpose of obtaining a simple result applying to normal 
machines, certain typical relations will be assumed: 


Agt Fa 
——" __ = 0.65; — =0.845X cal, 
Agt + Apt kK; es 
then 
F p ! 
= [Ea + Ey + Ia(Xa — Xa’)] 
9 


and assuming: 

Xaa = 0.9Xaand Xa — Xa’ = 0.78X aa 
then 

Bp: =Bo[Ea’ + Es + 0.3875Xala + 21) ] 


The value of Bo varies quite a little so that some variation in satu- 
ration may be expected, but a typical value of Bo = 83,000 will be 
used. It will also be assumed that 1/3 of the total reactance is effected 
by pole tip saturation: 


0.40 
Ea’ + Es + 0.875X a(La +2],) 


Re = 0.735 + (4) 


049 


Fig. 7. Re- 
duction factor 
ks asa function 


of (la + Q14)xd 


SATURATION FACTOR 
oo. oro 
eo 
r=) 


a—~ 


i 2 4 
REACTIVE VOLTAGE (Iq +2Iq) xq 


Curve A—(Ea’ + Es) = 1.15; typica! of short circuit from 
no load 
Curve B—(Ea’ + E,) = 1.30; typical of machine at 1.0 to 
0.8 power factor 


Curve C—(Ea’ + E,) = 1.45; typical condenser 


From equation 4 the curves of figure 7 are calculated. They give 
ky as a function of (Ig + 2J,) for different values of (Ea’ + £,). 
The factor is to be calculated using both signs for J, and the 2 results 
averaged. The net factor ka times Rem gives the total reduction 
factor for transient reactance of salient pole machines. 


Complex Hyperbolic 
Function Charts 


Complex hyperbolic function charts cover- 
ing the range ordinarily found in problems 
dealing with long electric power transmis- 
sion lines are presented herewith. By re- 
stricting the charts to this range, it has been 
possible to draw them to a large scale so 
that good accuracy can be obtained from 
these comparatively small charts. 


By 
L. F. WOODRUFF 


MEMBER A.I.E.E. 


Mass. Inst. of Tech. 
Cambridge 


Tix: important pioneer work of Dr. 
A. E. Kennelly in developing the use of complex hy- 
perbolic functions for the solution of alternating cur- 
rent problems is well known. His tables and charts 
of complex hyperbolic functions have been of great 
service, but they cover a range so broad that the 
power transmission engineer finds difficulty in ob- 
taining from them precise values. The purpose of 
the small set of charts presented herewith is to make 
possible more rapid, accurate, and convenient solu- 
tions of problems dealing with long electric power 
transmission lines. Only the portion of the complex 


A paper recommended for publication by the A.I.E.E. committee on power 
transmission and distribution. Manuscript submitted July 30, 1934; released 
for publication Oct. 2, 1934. 
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plane lying in the range of power transmission prob- 
lems has been mapped. This makes possible the use 
of a large scale. The range covered is from 0 to 290 
miles at 60 cycles per second, and from 0 to 700 miles 
at 25 cycles. 

The independent variable used in mapping is 
ZY, or 6, rather than @. This obviates the neces- 
sity of taking the square root of ZY to find 6, which 
has been the common practice. It has the further 
advantage of causing adjacent curves of constant 
size of the independent variable to be nearly equi- 
distant, which is a considerable advantage in legible 
mapping and accurate reading. 

By careful use of the charts, with visual interpola- 
tion, a precision of 1 part in 10,000 may be obtained. 
If only slide rule accuracy is desired, it may be ob- 
tained by reading only to the nearest divisions of the 
function scales. 

It has been customary to use the following formu- 
las for solving steady-state long-line problems: 


Eg = Ey, cosho + FBZ) sinh 0 vector volts (1) 
Er 

Ig = I; cosh 6 + Z sinh 0 vector amperes (2) 

or 

E, = Egcosh é — IgZ sinh 6 vector volts (3) 
BGie 

I; = Ig cosh 6 — Z sinh 6 vector amperes (4) 

0 


in which 6 = VZY,Z) = VZ/Y, and Z and Y are 
respectively the total series impedance and the total 
shunt admittance per phase; E,, E,, Ig, and In are 
the voltages and currents at the generator and load 
ends, respectively, of the line. 

The following formulas are equivalent to formulas 
1, 2, 3, and 4 and less laborious to use: 


sinh @ 

Eg = Er, cosho + 1,Z ) vector volts (5) 
sinh 6 

Ig = I, cosh @ + E,Y vector amperes (6) 
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or 
sinh 6 
Ey, = Eg cosh 6 — IgZ - vector volts (7) 
inh 6 
I, = Ig cosh @ — EgY =: vector amperes (8) 


6 


The necessity of calculating Z) is eliminated. Also, 
the necessity of having a chart of sinh @ is elimi- 
nated, and 3 charts are sufficient, whether the solu- 
tion is to be carried out by formulas 5 to 8, or by an 
equivalent 7 or T circuit. In the equivalent 7, the 
architrave or top impedance Z’ and the pillars or 
upright admittances Y’/2 have values equal respec- 
tively to: 


a7, and — = 


2 


sinh 9 Y’ _ Y tanho/2 
2 


In the equivalent T line the arm impedances Z2”/2 
and the upright admittance Y” are: 


sinh 6 


ee “7 tanh 6/2 
2 and yr = yo? 


Die 2 26/2 


The original drawings for the charts were made toa 
large scale on heavy art board and have been re- 
duced photographically to approximately 1/, size. 
The points for drawing the lines on the charts were 
located graphically by adding vectors representing 
the individual terms in the series expansion for each 
function, as given in a succeeding paragraph. Sev- 
eral hundred points on each chart also were checked 
against values given in Kennelly’s tables or com- 
puted independently. In all cases the accuracy was 
within !/1o9 of 1 per cent. 

The series expansions of the 3 functions follow: 


ta ZY (ZY)? . (ZY)8 
cosh 6 = 1 + 5 94 750 
sinh @ LUE MZV)E ALY 
7 aay + 120 + 5040 wee 
pre ZV MZY)*. 172 Y) 
BIO 12 120 20,160 


One advantage of using the 3 functions chosen is 
that each of them remains nearly equal to unity for 
small values of its argument. Consequently, the 
range that must be covered in the variation of the 
function is reduced to such an extent that great pre- 
cision is easily possible in the charts. 


Fig. 1. A par- 
tially constructed 
chart 


The first term of the 
series is the hori- 
zontal unit vector. 
Second term vectors 
have been drawn, 
and some of the 
third term angle lines 
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In drawing the charts, the origin of co-ordinates 
was allowed to fall far to the left of the drawing paper. 
The horizontal unit vector was shown only near its 
terminal point. From the terminal point, angle lines 
were drawn for each degree of ZY, and arcs of circles 
were struck about this point for each hundredth in 
the argument size. The points of intersection of 


Fig. 2. Chart of 
figure 1 in a fur- 
ther stage of com- 
pletion 


All the third term 
angle lines have 
been drawn, and 2 
sets of third term 
sizes have been laid 
of with compass 


these arcs and angle lines represent the sum of the 
first 2 terms of the series. The third term is repre- 
sentable by a vector drawn at an angle double that 
of the second term and was added by drawing a 
series of lines from the intersection points at the 
appropriate angles. A drafting machine was used 
and after setting it at the correct angle, all third- 
term angle lines having that angle could be drawn 
rapidly. Figure 1 shows this stage of construction. 
After the entire set of angle lines had been drawn, 
a pair of dividers was set for the length of the third 
term corresponding to a definite size of the argu- 
ment, and this length was laid off along all angle 
lines corresponding to that size. This construction 
is indicated in figure 2. Fourth and succeeding 
terms were added in a similar manner. 

The basic co-ordinate scales necessarily had to be 
in polar form, since the size and angle were the basic 
co-ordinates and graphic construction used. The 
range is such, however, that the curvature and con- 
vergence of the lines are hardly noticeable. Precise 
geometric methods were used to lay out the main 
points, and large railroad curves were used in the 
inking of the final lines. 


EXAMPLE OF USE 


A transmission line has total series impedance per 
phase, Z, of 200.0 /80.00° vector ohms, and total 


shunt admittance, Y, of 0.00130 /90.00° vector 


Bindicosh (and om ie 


mho per phase to neutral. 


ZY = 200.0 /80.00° X 0.00180 /90.00° = 0.260 /170.00° 


Entering chart I with this value of ZY, it is found 


that cosh @ = 0.8750 /1.41°. Similarly, from 
chart II, sme = 0.9578 /0.44°. 
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Discussions 


Of A.LEE. Papers—as Recommended for Publication by Technical Comunitices 


In order to provide additional space for the publication of summer conven- 
tion papers in this issue the discussion has been limited to a total of 5 pages, 
in which appear the discussion of a paper presented at the 1934 A.I.E.E. North 
Eastern District meeting, Worcester, Mass., May 16-18, and several discus- 
sions and one authors’ closure of papers presented at the 1935 A.I.E.E. winter 


convention, New York, N. Y., January 22-25, 1935. 


Other discussions of win- 


ter convention papers appear in ELECTRICAL ENGINEERING for March 1935, 
pages 322-35, and April 1935, pages 431-9; further discussions and authors’ 


closures will be published in later issues. 


Heat Flow in Turbine 
Generator Rotors 


Discussion of a paper by C. E. Peck published 
in the October 1934 issue, pages 1359-65, 
and presented for oral discussion at the elec- 
trical machinery session of the winter con- 


vention, New York, N. Y., January 22, 1935. 


D. S. Snell (General Electric Co., Schenec- 
tady, N. Y.): Inthe past few years several 
attempts have been made, chiefly by French 
and German investigators, to obtain a ra- 
tional solution to the problem of heat flow in 
a turbine generator rotor. For the most 
part, however, the solutions obtained have 
been somewhat too involved to be of prac- 
tical value to the designer and also have 
been based upon certain simplifying as- 

‘sumptions which, for many types of rotor 
construction, are not justifiable. This 
paper, I believe, represents a distinct ad- 
vanice over the work that has been previously 
done in this field in that the solution neglects 
no important factors, and also is not too 
involved for use in practical design calcula- 
tions. The purpose of this discussion is to 
suggest a method for obtaining the over- 
all temperature rise constant of the rotor 
body, using the equations developed in the 
paper, which takes account of the difference 
in the cooling conditions at different parts 
of the body. 

With the type of rotor ventilation con- 
sidered in the paper the internal cooling 
conditions vary considerably throughout 
the rotor, so that the use of an average 
surface heat transfer coefficient for the 
internal ducts and an average temperature 
rise for the internal cooling air in calculat- 

ving the temperature rise constant of the 
“body may not always lead to accurate re- 
sults. I would consider it more accurate, in 
calculating this constant, to assume the 
different sections of the rotor which have 
dissimilar cooling conditions as thermally 
insulated from each other, and to calculate 
the temperature rise constant for each sec- 
tion separately. A weighted average of 


these constants could then be taken to repre- 


‘sent the temperature rise constant of the 
body. 
In figure 1 of this discussion is shown a 
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representative section of a rotor body 
divided into sections for which the cooling 
conditions are dissimilar. There are indi- 
cated, for the rotor considered, 21 sections 


. for which different temperature rise con- 


stants could be calculated. It can be shown 
however, that the cooling conditions for 
sections 11-15 do not differ greatly from the 
conditions for sections 16-21, also that the 
effect on the total temperature rise constant 
of the body of the inferior cooling conditions 
for sections 1-10 as compared with sections 
11-21 can be allowed for through a correc- 
tion factor. It should be possible, therefore, 
to determine a satisfactory temperature rise 


Fig. 1 (above). De- 
velopment of rotor 
surface showing di- 
vision of body into 
sections having dis- 
similar cooling con- 
ditions 
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constant for the rotor body by calculating 
the temperature rise constants for sections 
11-15 only and applying a correction factor 
to the resultant weighted mean constant. 

To take account of the elevation of the 
temperature of the cooling air in passing 
through the body, the ambient air tempera- 
ture rise 6, in the equations for the copper 
and iron temperature rises inside the sur- 
face of division should be taken as the rise 
of the air up to the rotor section under 
consideration, and the surface heat transfer 
coefficients for the axial and radial ducts 
should be referred to this temperature. 
A convenient equation for calculating the 
heat transfer coefficient on this basis is 
given by Richter in his book ‘‘Elektrische 
Machinen,’”’ volume I, page 324, and is as 
follows: 


SCTU 


mai 9 I 


(1—e-") watts per square centi- 


meter per degree centigrade 


L 9.94 0,214 
(27)1-36 me) 


Zand r are the duct length and hydraulic 
radius, respectively, in centimeters; wv the 
air velocity in centimeters per second; k& 


where 


m = 0.1448 
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Fig. 2. Calculation 
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the thermal conductivity in watts per 

degree centigrade per centimeter; s the 

specific weight in grams per cubic centimeter; 

and c the specific heat in joules per degree 

centigrade per gram for air at the tempera- 

bo +t 

2 

the air entering the duct and ¢, the mean 
temperature of the duct walls. 

In figure 2 is shown the temperature rise 


k : 
, where fy is the temperature of 


ture 


Figs. 3 and 4. Rotor slot ideal for heat flow, 
and same slot with such air pockets as may 
form 


of the body part of the field winding for a 
rotor 190 inches long, calculated in the 
above manner for the generator operating at 
zero power factor, overexcited. This rotor 
was provided with 40 axial ducts, and an 


OUTLET 


aw 


Fig. 5. Type of ventilation used on large machines 
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average of 9.5 radial ducts per tooth, spaced 
14 inches apart. The calculation shown in 
figure 2 is for a tooth remote from the 
pole center, such as number 2 or 4 in figure 
1, and assumes the tooth to be divided into 
9 sections thermally insulated from each 
other, the first section from the end of the 
body including the distance to the first 
radial duct, the other sections including 
1/. the distance between adjacent ducts. 
From this calculation, the mean tempera- 
ture rise constant of the body, referred to 
the average of the air temperatures in the 
axial ducts and air gap, was found to be 
3.18 degrees centigrade per watt per inch of 
coil. For the ventilated end winding the 
calculated temperature rise constant was 
4.86 degrees per watt per inch. Combining 
these 2 constants in accordance with equa- 
tion 8 of the paper, the mean temperature 
rise of the winding 0,4, for the load con- 
sidered was calculated to be 92.8 degrees 
centigrade. The measured temperature 
rise for this load was 86.5 degrees centigrade. 
The agreement between calculation and test 
is thus within 7 per cent, which, for this 
type of calculation can be regarded as very 
good, and indicates the general reliability of 
Peck’s solution to the heat flow problem for 
turbine generator rotors. 


S. H. Mortensen (Allis-Chalmers Mfg. Co., 
Milwaukee, Wis.): Progress in electrical 
machine design has been achieved through 
improvements in available construction ma- 
terials combined with a better understand- 
ing of factors affecting machine operation. 
This paper is a valuable contribution to the 
latter. To those who have been active in 
the development of high speed turbine 
generators it is most interesting to see a com- 
prehensive analytical method for predeter- 
mining rotor heating. It is an achievement 
to have put into a workable form a problem 
involving heat generation, flow, and dis- 
sipation in more than one plane ina body of 
irregular configuration and heat conductivi- 
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type of ventilation used on Allis-Chalmers’ 
larger machines. A great many schemes for 
increasing rotor output by improved heat 
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ties. As the agreement between the calcu- 
lated rotor heating and test values depends 
upon the choice of constants derived from 
tests, a few remarks bearing upon the latter 
may be of interest. Types of ventilation 
mentioned in the following discussion per- 
tain to machines made by the Allis-Chalmers 
company. 

Briefly, the main constants needed for 
predetermining rotor temperature rise must 
take into consideration its heat losses and 
the thermal resistivity of its materials and 
contact surfaces, combined with the co- 
efficient of heat transfer between its radiat- 
ing surfaces and ventilating air. 

Of these factors the magnitude and dis- 
tribution of rotor heat losses are easy to 
predetermine, except in cases involving 
single phase or unbalanced polyphase op- 
eration. In modern machines with balanced 
loads, rotor stray losses are negligible and 
the main rotor heat loss is the /?R of excita- 
tion. 

Factors for thermal conductivity of the 
rotor materials can also be predetermined 
with accuracy. It is a more difficult prob- 
lem to arrive at the proper constants for 
thermal resistances of the surfaces between 
the heated copper and the rotor iron. In- 
consistencies in heating results on duplicate 
machines frequently can be attributed to air 
pockets resulting from inaccuracies in the 
dimensions of the rotor insulation, copper, 
and slots. This condition is brought out in 
figures 3 and 4 of this discussion, of which 
figure 3 depicts a rotor slot ideal for heat 
flow, because of the absence of air pockets. 
Figure 4 shows the same slot with such air 
pockets as may result from inaccuracies in 
winding, slot machining, and shrinkage of 
insulation materials. The effect of the air 
pockets upon the temperature gradients be- 
tween copper and iron could be predeter- 
mined, if the magnitude of the air pockets 
were known. 

The constant, taking into consideration 
the coefficient of heat transfer between the 
respective rotor radiating surfaces and the 
ventilating air, varies considerably with 
different types of stator and rotor ventila- 
tion and must, for that reason, be derived 
Figure 5 shows the 
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Fig. 6. Type of ventilation used on long rotors 
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dissipating capacities have been tested out 
at various times, frequently giving disap- 
pointing results which could have been fore- 


seen with the aid of an analytical investiga- 


tion. The rotor tooth ventilating scheme 


_ shown in figure 3 is used on rotors of short 


and medium lengths. Rotors of great axial 
length are ventilated as indicated in figure 6. 
With this scheme, the cylindrical radiating 
surface of the rotor is augmented with radial 
vent ducts in the rotor body. By special 
design, the entrance side of the duct pro- 
duces an impact head, which forces air from 
the air gap through the ducts back into the 
air gap, from which it passes through the 
ventilating paths as indicated in figure 5. 
This type of ventilation has been satisfac- 
tory on rotors of lengths up to 283 inches 
and with peripheral velocities up to 26,000 
feet per minute. 

The importance of ventilating rotor coil 
ends has been recognized since the early 
days of turbogenerator construction. 
On present designs it is taken care of by 
means of ventilating ducts in the rotor coil 
support rings as well as in the portion of the 
rotor body adjoining the coil ends. The 
ventilating openings are located with’ the 
idea of obtaining high air velocities over the 
exposed coil ends and eliminating dead air 
pockets. 

In conclusion I wish to reiterate that 
Peck’s work is of practical value, not only 
in analyzing test results but also as a con- 
tribution to the further advances of the art 
of rotor design. 


Transients in 
Magnetic Systems 


Discussion of a paper by C. F. Wagner pub- 
lished in the March 1934 issue, pages 418-25, 
and presented for oral discussion at the elec- 
trical machinery session of the winter conven- 
tion, New York, N. Y., January 22, 1935. 


Ernst Weber (Brooklyn Polytechnic Insti- 
tute, Brooklyn, N. Y.): This paper repre- 
sents a valuable extension of the original 
treatise (‘‘Field Transients in Magnetic 
Systems,’ Ernst Weber, A.I.E.E. TRANS- 
ACTIONS, volume 50, 1931, pages 123446) 
to cases where the relative amount of mag- 
netomotive force expended on the solid sec- 
tion of the magnetic path is a large fraction 
of the total magnetic motive force in the 
magnetic circuit. This ratio is defined as 


a b 
Sa b 
I h, : 
where b = ~ anda = 6 + — with ] the 
be 


; Ms 1 

length, uw the relative permeability, 6 the 
length of the air gap, and subscripts s and / 
indicating the solid and laminated parts, 
respectively. Obviously » will be large if 
a is much less than b, as when the air gap 
6 is very small and when yp, is very small. 

In the case of small air gaps, however, 
the fundamental assumption of Wagner, 
that the readjustment of the distorted mag- 
netic flux, as present in the solid part, to 
uniform distribution in the laminated part 
shall occur in an infinitely thin layer of 
infinite permeability, cannot be true. It 
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seems reasonable to assume that the transi- 
tion to uniform distribution will be gradual 
and might occupy the whole air gap length 
so that, in fact, the true problem should 


Fig. 1. Variation of 


lar simple formula for the total magnetic 
time constant valid for small air gaps and 
showing the dependence on the ratio uy. 
This would be valuable for quick-excita- 
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include the solution of the magnetic field 
distribution in the air gap with given 
boundary distributions on either side of the 
air gap. A vigorous solution of this problem 
would hardly be justified and from the small 
correction to be applied one can infer that 
the complete solution of the problem would 
give results somewhere between the values 
presented in the 2 papers. Large d-c 
machines, certain relay circuits, and possibly 
galvanometers might present magnetic cir- 
cuits requiring the more involved treatment 
as given by Wagner, whereas the synchron- 
ous machine problems are, in general, ade- 
quately covered by the original theory. 

To give an example, oscillograms have 
been taken on a smaller synchronous genera- 
tor in the electrical laboratory of the Poly- 
technic Institute of Brooklyn. The 3-phase 
generator rated 7.5 kva at 110 volts per 
phase was driven by a d-c motor at syn- 
chronous speed with the field circuit switch 
open. At the instant of closing this switch 
the current induced in one of the stator 
phases, short circuited through a-large re- 
sistance, and the current in the exciting 
winding were oscillographed simultane- 
ously (see figure 1 of this discussion). 
From the curves a true time constant of the 
magnetic field could be evaluated as Tg 
= 0.1486 second. Computations from the 
known data of the generator lead to the 


iL, 
following values: To = = 0.144 second, 
T, = 0.942 second, and n» = 0.0341. The 


small value of uw tends to indicate a very 
small deviation from the exponential curve 
for the magnetic field and a comparison 
with the computed curves in the paper by 
Wagner confirms this. 

It is interesting now to contrast the value 
of the field time constant as given by equa- 
tion 59 in the original paper with the experi- 
mental value given here. According to 
definition, 6 = u7, = 0.0853 second and 
o. = 0.218 so it follows that 
To 
Te = To + 0.120 = 0.144 + 0.0042 = 

0.1482 second 
which is in very close agreement with the 
test. It seems, therefore, that it is quite 
possible to predict the time constant of com- 
plex magnetic circuits with fair accuracy if 
the air gap is comparatively large. Unfor- 
tunately Wagner does not arrive at a simi- 


tion problems in large reversible d-c ma- 
chines such as are used in mining and 


milling plants. (See “Wissenschaft Veroeff 
a. d. Siemens Konzern,’’ E. Weber and H. 
Hess, 1930, volume 9, part 1, page 115.) 


Expulsion Protective 


Gaps on 132 Kv Lines 


Discussion of a paper by Philip Sporn and 
1. W. Gross published in the January 1935 
issue, pages 66-73, and presented for oral 
discussion at the general overhead line prob- 
lems session of the winter convention, New 
York, N. Y., January 23, 1935. Other 
discussions of this paper were published in 
the March 1935 issue, pages 329-32. 


C. M. Foust (General Electric Co., Sche- 
nectady, N.Y.): The performance of the 
expulsion protective gaps is very interesting, 
and highly gratifying to those who have 
taken part in this forward looking experi- 
ment. As I have had the opportunity to 
follow closely the tower structure current 
measurements, such as given in table V, 
I am very interested in the use made of these 
measurements in arriving at tube currents 
such as given in column 4 of this table. 
I note that the authors have used the laws 
of traveling waves, assuming that the stroke 
current travels to the tower where it seeks 
various paths, in the line conductor, ground 
wire, and through the tower to ground. On 
this basis tube currents arrived at range 
from 11,000 to 37,000 amperes. The cases 
considered include only those wherein tower 
leg currents above 25,000 amperes were re- 
corded. I also note the authors’ opinion 
that the true tube currents may be only 
1/, the values given in the table. 

Values of tube current may be arrived at 
by another method, as follows: 
1. Calculate tower structure potential from tower 
footing resistance and tower leg current. 
2. Take a conductor surge impedance in both 
directions such as 250 ohms and calculate tube 
current by dividing tower potential by this im- 
pedance. 

I have worked out values using this 
method for all cases wherein the tower leg 
currents indicated direct strokes to towers. 
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The current values for the tubes obtained 
ranged from 450 amperes to 9,000 amperes, 
which range is about 1/3 that given in table 
V. The average tower potential for single 
tube operation was 710 kilovolts, for 2 tube 
operation 970 kilovolts, and for all 3 tubes, 
top, middle, and bottom, 1,100 kilovolts. 
In the cases considered it is, of course, not 
certain that the stroke terminated on the 
tower; undoubtedly in some cases it reached 
the conductor. Such cases detract from the 
accuracy of this analysis. Again the use 
of the ordinary: tower footing resistance 
measured at low voltage undoubtedly in- 
troduces errors. The true surge resistance 
at high current values should be used. 

The correlation of tower currents with 
tube operations is very interesting. Again 
using only those towers at which the strokes 
appeared to terminate, current values ran 
as follows: 

For top phase tube operation, tower currents ranged 
from 13,000 to 35,000 amperes, averaging 28,000 
amperes. 
For middle phase operation, tower currents ranged 
from 15,000 to 44,000 amperes, averaging 31,000 
amperes. 
For bottom phase operation, tower currents ranged 
from 23,000 to 49,000 amperes, averaging 36,000 
amperes. 


For top and middle phase operation, tower cur- ° 


rents ranged from 30,000 amperes to 68,000 am- 
peres, averaging 45,000 amperes. 


For top and bottom phase operation, tower cur- 
rents ranged from 28,000 to 30,000 amperes, aver- 
aging 29,000 amperes. 

For middle and bottom phase operation, tower 
currents ranged from 38,500 to 52,000 amperes, 
averaging 45,000 amperes. 


For top, middle, and bottom phase operation the 
tower currents ranged from 17,000 to 100,000 
‘amperes, averaging 60,000 amperes. 

The average tower current for single tube 
operation was 382,000 amperes; for 2 
tube operation, 38,000 amperes; and for 
3 tube operation 60,000 amperes. 

More current measurements are required, 
particularly such measurements as might 
help to determine the correct method for 
determination of the tube currents. 


P. L. Bellaschi (Westinghouse Elec. and 
Mfg. Co., Sharon, Pa.): The part lightning 
plays as a disturbing factor in the trans- 
mission and distribution of power is well 
known. To mitigate its effect has been 
the problem. In this respect field records 
of strokes of lightning near and at distribu- 
tion transformers protected with deion 
gaps have furnished data. The electrodes 
of the deion gaps discharging the lightning 
current are marked with a surface figure 
which when compared with similar figures 
on deion gaps tested in the laboratory with 
known lightning currents, enables us to 
evaluate the lightning current discharged 
through the deion gap in service. 

A record of lightning strokes near and at 
distribution transformers during 1932-33 
is shown by the heavy line in figure 1 of 
this discussion. A direct stroke to the 
terminals of a transformer, which was re- 
corded in 1934, indicated a current some- 
what greater than 100,000 amperes. The 
dash-dot extension to 150,000 amperes in 
the figure is intended to represent the maxi- 
mum current hereto recorded; however, 
this maximum value does not preclude the 
possibility of even 200,000 amperes in the 
more infrequent case of a very severe light- 
ning stroke. 
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' The lightning stroke current has also been 
evaluated from other physical effects mant- 
fested with the discharge, such as the fusion 
and crushing of conductors, the explosive 
action produced, etc. The currents evalu- 
ated in this way are well in accord with the 
values in figure 1. 

The lightning stroke currents reported by 
Sporn and Gross in table V of their paper 
are interesting indeed. They are plotted 
in figure 2 of this discussion. It will be 
noted that the magnitude of the lightning 
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Fig. 1. Record of lightning strokes near and 
at distribution transformers during 1932-33 


Transformer years = 4,000 


stroke currents as established by the 2 sets 
of independent data in figures 1 and 2 are 
substantially the same. Furthermore, data 
on lightning currents presented at the 
A.I.E.E. Pacific Coast convention, Septem- 
ber 1934, show similar distribution curves. 
Another interesting observation is the con- 
firmation between the recent field data and 
the lightning stroke currents that have been 
calculated by C. L. Fortescue. 

The data on lightning presented by the 
authors are distinct contributions to the 
art of lightning protection. From the 
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Fig. 2. Record of direct strokes of lightning 
to 132 kv transmission line 


standpoint of the electrical engineer, perhaps 
the most important future work in the do- 
main of lightning is to establish directly 
with the cathode ray oscillograph the ampli- 
tude and duration of the lightning stroke 


potential developed.on electrical circuits. 
In all events, field experience will undoubt- 
edly remain a most valuable source of in- 
formation and in fact it alone can be the 
ultimate confirmation of the adequacy of 
the protective apparatus used. 


A Carrier Current 
Relay Installation 


Authors’ closing discussion of a paper pub- 
lished in the January 1935 issue, pages 109- 
15, and presented for oral discussion at the 
general overhead line problems session of the 
winter convention, New York, N. Y., January 
23, 1935. Other discussions of this paper 
were published in the March 1935 issue, 
pages 333-4, and in the April 1935 issue, 
pages 445-6. 


O. A. Browne and W. L. Vest, Jr. (both 
of Western Massachusetts Companies, 
Turners Falls and Springfield, respectively) : 
A brief review of some of the existing con- 
ditions on this system will answer some of 
the questions raised in the discussion. 

The lines on which the carrier controlled 
relays were installed were constructed be- 
tween the years 1913-1918 inclusive, using 
double circuit steel towers. The spacing 
of the conductors is 8 and 9 feet, vertical. 
The insulation on approximately 80 per 
cent of the lines protected with the new 
relays is 4 and 5 standard 10 inch units, 
protected by arcing horns set with gaps - 
of approximately 15 inches at suspension 
towers. One ground wire is used on all the 
towers. The insulation level is low enough 
to allow simultaneous flashover of both 
circuits from heavy induced lightning 
surges. From observations of relays and 
other equipment, the double circuit faults 
are generally simultaneous. 

As a result of the location of these lines 
with respect to the large interconnected 
systems to the north and south, disturbances 
external to the system frequently caused 
unnecessary operations, thereby splitting 
the system. In order that these operations 
be kept at a minimum, high current and 
long time settings were required. 

The new relay scheme was installed in 
May and June 1933, during the lightning 
season. This relay scheme was not tested 
with any artificial faults, as such a pro- 
cedure was not practical on this system. 
The relays were expected to operate, and 
where incorrect relay operations occurred, 
the analysis of these operations would 
serve as a guide in correcting any troubles. 
Although this method is not conducive to 
the best operating record, it does have 
certain obvious advantages. 

An analysis of the incorrect operations is 
shown in table I of this discussion. Gener- 
ally, several incorrect operations would 
occur from the same cause before corrective 
measures could be made. It is quite com- 
mon for the same section of line to trip out 
3 to 5 times within an hour or so. 

With the previous arrangement, surging 
and out-of-step conditions with the Con- 
necticut system frequently occurred. Dur- 
ing these occurrences the trouble would be 
cleared with the operation of the relays on 
the Hartford-Agawam lines, at either one 
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end or the other. These operations usually 
resulted in a drop in frequency on one of the 
2 systems, dependent upon direction of 
load in the lines, and consequently some 
delay occurred before the systems could 
again be paralleled. 

In the design of this relay scheme, no 
provision was made for controlled separa- 
tion during out-of-step conditions, as it 
was believed that this situation would be 
vastly improved with the faster relays. 

No change to a series or loop connection 

was made at any of the tap stations, as it 
was not considered desirable to transmit 
power across certain of the station busses. 
At stations such as Cobble Mountain there 
would be considerable line and voltage loss 
if the station were looped, particularly with 
the generators in service. However, cut- 
ting Amherst and Westfield into just one 
line as a loop station has been considered, 
as it will reduce outages to these stations 
when double circuit line faults occur in 
these sections. 
_ The type JAC tripping relays were se- 
lected for use at the various sectionalizing 
stations as it would be possible to accurately 
predetermine the time and current values 
at which the relays would trip. At the 
tap stations, the JDP relays were chosen 
as being more sensitive both in current and 
time, although the values would be more 
difficult to predetermine, since the voltage 
restraint would be the deciding factor. 

On the several tapped lines, it was con- 
sidered desirable to allow 8 cycles time on 
the tripping relays at the ends of the line, 
and a somewhat lower setting at the tap 
stations, until some operating experience 
was obtained. The results obtained have 
been so good that, although the tripping 
time of the relays might be reduced some- 
what, it is not absolutely necessary, and it 
does add somewhat to the hazard of incor- 
rect operations. 

Carrier current equipment was preferred 
over leased lines of the communications 
companies as it was considered desirable to 
have complete control of the pilot channel 
at all times. Also, many of the trunk 
communication lines in this area are of 
open wire construction. This is in no way 
any reflection on the quality of service now 
furnished us by the communication com- 
panies. 

The dynamotor operating from the 
station battery was selected as the source 
of a constant supply alternating potential 
which could be used with a step-up trans- 
former and rectifier to obtain the necessary 
direct potential. Alternating potential 
from the station service supply would be 
suitable, based on a voltage regulation 
standpoint, but would be subject to inter- 
ruptions. In 2 years of operation, one 
failure of a dynamotor occurred, and this 
was not serious. 

Although continuous carrier current sys- 
tems are faster than those schemes used for 
blocking purposes only, the failure of the 
continuous system for any reason would 
result in unnecessary tripping. 

All of the stations are protected with bus 
overload and ground protection. In addi- 
tion, the phase overload relays act as 
transformer overload protection, and suf- 
ficient time is allowed to select with second- 
ary feeders. The ground relay is set for a 
minimum current and time, dependent upon 
the type of relay used. 
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Table I—Avnalysis of Incorrect Relay 
Operations 


Number of 


Incorrect Failures to 


Operations Operate Cause 


During 1933 


6 Too sensitive a setting on 
RCC receiver relay 
Incorrect connection of 
ICC and ICP ground re- 
lays 
2 Improper co-ordination of 
the JCC relays at Cabot 
station with the JCP re- 
lays on the remainder of 
the system 
1 Faulty relay adjustment 


During 1934, to October 1 


9 Incorrect connection of a 
relay due to a panel 
change 

9 Ground in current trans- 

former 

Improper co-ordination of 
the JCC relays at Cobble 
Mountain station with 
the JCP relays on the re- 
mainder of the system 

Receiver relay failed to 
block tripping; cause un- 
known 

2 Cobble Mountain station 

shut down, no polarizing 
current in ground relays 


No 


bo 


The relays originally used for single 
circuit and double circuit protection at the 
sectionalized stations were left in service 
as back-up protection for the carrier relays. 
In some cases, the current settings were as 
high as 400 amperes (66 kv) each, per 
pair of circuits, or 800 amperes on the 
remaining circuit with one out of service 
and with time settings of 140 cycles at 10 
times the above current settings. 

Any relay scheme that the authors are 
familiar with requires the correct opera- 
tion of all the relays on the system, for 
complete and successful protection. Of 
course, one must remember that ‘‘correct 
relay operation’ often means no operation 
at all for a particular relay. 


The M.I.T. Power Factor 
Bridge and Oil Cell 


Discussion of a paper by J. C. Balsbaugh, 
N. D. Kenney, and Alfred Herzenberg pub- 
lished in the March 1935 issue, pages 272-9, 
and presented for oral discussion at the se- 
lected subjects session of the North Eastern 
District meeting, Worcester, Mass., May 16, 
1934. 


W. S. Baird (nonmember): The au- 
thors of this and the companion paper 
(Franklin Institute Journal, volume 
49, 1934, page 218) have brought the 
Schering bridge to a degree of perfection, 
both in analysis and design, made necessary 
by the demand for precision in this most im- 
portant field of research. The design of the 
component parts, the high voltage capaci- 
tors, and the cells, shows that due considera- 
tion has been given to all the factors recog- 
nized to be of influeiice when working in the 
specified range of power factor. 


The change in the power factor of the oi 
cell as shown in figure 6 of their paper is 
not explained and the reason for such be- 
havior is conducive to speculation. The 
fact that temperature error cannot be the 
cause, and the fact also that the power 
factor returned approximately to its origi- 
nal value seem to indicate that the cause lies 
in thermal expansion and subsequent cell 
deformation concurrent with such a heat 
cycle. That such may be the case and may 
cause considerable error if not taken into 
account has been shown recently in the 
paper by Whitehead and Greenfield (ELEc- 
TRICAL ENGINEERING, October 1934, pages 
1389-96, and November 1934, pages 1498— 
1503). While measuring the specific re- 
sistance of mercury in ‘‘pyrex’’ glass tubes 
and over the identical temperature range 
covered by the authors of the paper under 
discussion, the writer found looped curves 
and ascribed them to dimensional changes 
in the glass. After successive runs, it was 
found that the variation with increasing and 
decreasing temperatures became smaller, 
as is shown also by the curves of figure 6. 
This can be explained as a result of suc- 
cessive annealing cycles. From curve D 
of the figure and the authors’ discussion, 
it is not clear whether the experimental 
points represent increasing or decreasing 
temperatures, or both. If curve D repre- 
sents both the results of increasing and de- 
creasing temperatures after heating by in- 
duction, an interesting light is thrown upon 
the mechanism which gives rise to power 
factors for air capacitors in the region 
10-6 for which a satisfactory. explanation 
has not yet been given. 

In previous papers and indeed in the 
present paper, the authors have indicated 
that they believe power factors of air con- 
densers in the region 10 ~6 are caused by films 
of oxide on the measuring surfaces. Such 
an oxide film would have to be of consider- 
able thickness to give rise to a resistance 
sufficient to account for a power factor of 
this order of magnitude, since the loss must 
result from the flow of the displacement 
current over the film and the resistance of 
that film. It is the opinion of the writer 
that the power factor can be accounted for 
by the fact that the surface of the metal 
used to-form the capacitors is not smooth, 
even though care is taken to clean it. Such 
a roughened surface would have innumer- 
able points giving occasion for local regions 
of high stress, and a subsequent Joule heat- 
ing through the point itself, i.e., from the 
tip, or point of high stress, to the base, or 
region of lower stress. This is equivalent 
to saying that the surface density of charge 
is not uniform with the consequences re- 
sulting therefrom. The only evidence at 
present available to substantiate this 
theory is taken from a curve of the authors 
in the Franklin Institute paper, which shows 
that after wetting the surface of a capacitor, 
the power factor showed a decrease; the wet- 
ting gave at first a surface smoother than 
that of the metal. In the present instance, 
heating by induction may have smoothed 
the surface in several ways. This sug- 
gestion is offered for what it may be worth. 

Toward the end of the paper the state- 
ment is made, ‘‘... prevents the oil test 
sample from being injected into a vacuum.” 
Is one to infer from this that the authors 
consider the injecting of oil into a vacuum a 
bad practice? 
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News 


Of Lastitute ee | Related Activities 


Program of the A.I.E.E. Summer 


Convention at Cornell University 


A PROGRAM replete with activities 
of interest to the profession has been ar- 
ranged for the 5lst annual summer con- 
vention of the Institute to be held on the 
campus of Cornell University, Ithaca, 
N. Y., June 24-28, 1935. The annual busi- 
ness meeting, conference of officers, dele- 
gates, and members, board of directors’ 
meeting, 10 technical sessions, and a number 
of technical conferences assure a busy and 
profitable week for those who wish to keep 
pace with Institute affairs and the progress 
of the art. Also, sports, trips, and recrea- 
tion, as well as entertainment for the visiting 
women, have not been overlooked. The 
evenings will be devoted mainly to social 
functions. All these activities are offered 
to members and guests at a very reasonable 
cost, made possible by the splendid facilities 
which Cornell University affords in a beauti- 


ful scenic setting. A large attendance is 
expected. 

Of interest to some members of the In- 
stitute is the fact that during the latter part 
of the week immediately preceding the con- 
vention at Ithaca, the semi-annual meeting 
of The American Society of Mechanical 
Engineers will be held in Cincinnati, Ohio, 
June 19-21, 19385. Technical papers on a 
variety of subjects will be presented at the 
A.S.M.E. meeting, and a side trip to Norris 
Dam is scheduled by the A.S.M.E. for 
June 22. Members making this inspection 
trip should be able to arrive at Ithaca in 
time for the beginning of the A.I.E.E. 
meeting. 

The general schedule of events for the 
A.1.E.E. convention is given below. Details 
of technical sessions, technical conferences, 
entertainment, inspection trips, sports, and 


Summarized Schedule of Events 
Eastern standard time is used in Ithaca throughout the year. 


Monday, June 24 


8:30 a.m.—Registration 


10:00 a.m.—Opening of Convention 

Address of welcome: Dr. A. R. Mann, 
provost, Cornell University 

Annual Business Meeting of the In- 
stitute 
Annual report of board of directors, 
in abstract, by H. H. Henline, na- 
tional secretary 
Report of committee of tellers on: 
(a) election of officers; (6) con- 
stitutional amendments 

Introduction of and response from 
president-elect 

Presentation of prizes for papers 

Presentation of Lamme medal to 
Henry E. Warren 

President’s address: J. Allen Johnson 


Conference of Officers, Delegates, and 
Members 


1:00 p.m.—Lunch 


2:00 p.m.—Conference of Officers, Delegates, and 
Members (continued) 


2:00 p.m.—Technical Conferences 
8:00 p.m.—President’s Reception 


11:30 a.m. 


Tuesday, June 25 


9:00 a.m.—Instruments and Measurements Ses- 
sion 
Power Generation Session 
11:30 a.m.—Lecture 
1:00 p.m.—Lunch 
2:00 p.m.—Conference of Officers, Delegates, and 
Members (continued) 
Technical Conferences 


2:00-4:30 p.m.—Cars will leave campus for an 
outing to Taughannock State Park 

5:30 p.m.—Shore Dinner at Taughannock 

8:30 p.m.—Lecture 


Wednesday, June 26 


9:00 a.m.—Start of womens’ trip to Corning Glass 
Works. Luncheon either in Corn- 
ing or Watkins, followed by bridge 
or other entertainment 

9:00 a.m.—Electrical Machinery Session—I 

Protective Devices Session 
Education Session 
11:30 a.m.—Directors’ luncheon meeting 


9:00-2:30 p.m.—Cars will leave the campus for 
an inspection trip to the Corning 
Glass Works 
Buffet supper at Corning 


Thursday, June 27 


9:00 a.m.—Electrical Machinery Session—II 
Applications to Iron and Stcel Pro- 
duction Session 
Selected Subjects Session 
11:30 a.m.—Lecture 
2:00 p.m.—Technical Conferences 


7:00 p.m.—Convention banquet; dancing 


Friday, June 28 


9:00 a.m.—Electrochemistry and Electrometal- 
lurgy Session 
Power Transmission Session 
12:00 Noon—Windup luncheon 
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other features are given in other parts of this 
article. 


Technical Sessions 


A number of timely technical papers 
which have to do with some of the most re- 
cent developments will be presented in an 
enlarged program comprised of 10 technical 
sessions. The Boulder Canyon project 
will be quite thoroughly described by a 
series of papers to be presented in the ses- 
sions on power generation, power transmis- 
sion, and protective devices. The hydro- 
electric construction will be given in a paper 
by L. C. McClellan, chief electrical engi- 
neer, U.S. Bureau of Reclamation, Denver, 
Colo. Some general features as well as 
the engineering features of the project and 
of the transmission system from Boulder 
Dam to the City of Los Angeles, will be 
given in 2 papers by E. F. Scattergood, 
Bureau of Power and Light, Los Angeles, 
Calif. Still another paper by D. C. Prince, 
General Electric Company, Philadelphia, 
Pa., will treat the theory, construction, and 
testing of the large 287 kv circuit breakers 
for this line. In addition, 7 other technical 
sessions embrace many valuable papers 
which will present the latest theories, de- 
signs, and researches in the following fields: 
instruments and measurements, electrical 
machinery (2 sessions), applications to iron 
and steel production, electrochemistry and 
electrometallurgy, education, and selected 
subjects. 

In the technical program which follows, 
it may be noted that for the papers which 
already have been published, reference is 
given after the title to the issue and page of 
ELECTRICAL ENGINEERING publication. Re- 
maining papers are scheduled for publication 
in the June issue. The availability of many 
of the papers considerably in advance of the 
convention will permit the careful prepara- 
tion of discussion. Thus those who attend 
the sessions will be assured of hearing many 
pertinent discussions by engineers who are 
well known in their respective fields of en- 
deavor. 


RULES ON PRESENTING 
AND DISCUSSING PAPERS 


At some of the technical sessions, a few 
papers may be presented only by title. 
This will permit the devotion of more time 
to discussion. At other sessions, papers 
will be presented in abstract, 10 minutes 
being allowed for each paper unless other- 
wise arranged, or the presiding officer meets 
with the authors preceding the session to 
arrange the order of presentation and allot- 
ment of time for papers and discussion. 
Authors will be notified officially in each 
case about one month in advance. 

Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually 5 minutes are allowed 
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Technical Program 


Tuesday, June 25 


9:00 a.m.—Instruments and Measurements, W. B. 
Kouwenhoven, chairman 


PRECISE SPEED CONTROL FOR D-C MACcHINEs, 
R.H. Frazier and J. Eisler, Massachusetts Institute 
of Technology, and W. P. Frantz, Curtis Publishing 
Company. March issue, p. 307-12 


DEFINITIONS OF POWER AND RELATED QUANTI- 
ties, H. L. Curtis and F. B. Silsbee, Bureau of 
Standards. April issue, p. 394-404 


Drrect MEASUREMENT OF SURGE CURRENTS, 
C. M. Foust and J. T. Henderson, General Electric 
Co. April issue, p. 373-78 


An IMPROVED ELECTROTHERMIC INSTRUMENT, 
P. M. Lincoln, Cornell University. 
May issue, p. 474-81 


LUBRICATION INCREASES LIFE OF METER BEAR- 
InGs, T. A. Abbott and J. H. Goss, General Electric 
Co. April issue, p. 428-31 


9:00 a.m.—Power Generation, H. W. Leitch, chair- 
man 


ENGINEERING FEATURES OF BOULDER DAM AND 
Power Prant, L. N. McClellan, U. S. Bureau of 
RECLAMATION. Scheduled for June issue 


DESIGN AND OPERATION OF HUNTLEY STATION 
No. 2, H. M. Cushing, Buffalo General Electric Co. 
Scheduled for June issue 


REHABILITATION OF THE CONNORS CREEK POWER 
PLant, R. E. Greene, Detroit Edison Co. 
Scheduled for June issue 


Wednesday, June 26 


9:00 a.m.—Electrical Machinery—I, V. M. Mont- 
singer, chairman 


An ANALYSIS OF THE INDUCTION MoToR, S. J. 
Levine, General Electric Co. May issue, p. 526-9 


CAPACITIVE EXCITATION FOR INDUCTION GENERA- 
tors, E. D. Bassett, F. W. Sickles Co., and F. M. 
Potter, General Electric Co. May issue, p. 540-5 


SPARKING UNDER BRUSHES OF COMMUTATOR Ma- 
cuines, R. E. Hellmund and L. R. Ludwig, West- 
inghouse Electric and Mfg. Co. 

March issue, p. 315-21 


TIME-TEMPERATURE TESTS TO DETERMINE 
Macuine Losses, M. D. Ross, Westinghouse 
Electric and Mfg. Co. May issue, p. 512-5 


9:00 a.m.—Protective Devices, H. P. Sleeper, chair- 
man 


Or Circurir BREAKER AND VOLTAGE RECOVERY 
Txsts, E. J. Poitras, Ford Instrument Co., H. P. 
Kuehni and W. F. Skeats, General Electric Co. 

Feb. issue, p. 170-8 


BREAKER PERFORMANCE STUDIED BY CATHODE 
Ray OscitLocrams, R. C. Van Sickle, Westing- 
house Electric and Mfg. Co. Feb. issue, p. 178-84 


Crrcuir BREAKERS FOR BOULDER DAM LINE, 
D. C. Prince, General Electric Co. 
April issue, p. 366-72 


THE DETERMINATION OF CIRCUIT RECOVERY 
Rares, E. W. Boehne, General Electric Co. 
May issue, p. 530-9 


SuRGE CURRENTS IN PROTECTIVE DEVICES, 
A. M. Opshal, Westinghouse Electric and Mfg. Co. 
Feb. issue, p. 200-4 


FAULT AND OUT-OF-STEP PROTECTION OF LINES, 
H. D. Braley, The New York Edison Co., and J. L. 
Harvey, New York Power and Light Co. 

Feb. issue, p. 189-200 


9:00 a.m.—Education, L. A. Doggett, chairman 


AN ADVANCED COURSE IN ENGINEERING, A. R. 
Stevenson, Jr., and Alan Howard, General Electric 
Co, March issue, p. 265-8 


Possibly another paper. 


Thursday, June 27 


9:00 a.m.—Electrical Machinery—II, V. M. 
Montsinger, chairman 
A StTrRoBoscopric POWER-ANGLE RECORDER 


H. E. Edgerton, Massachusetts Institute of Tech- 
nology. May issue, p. 485-8 


ARMATURE LEAKAGE REACTANCE OF SYNCHRON- 
ous Macuines, L. A. March and S. B. Crary, Gen- 
eral Electric Co. April issue, p. 378-81 


TRANSIENT VOLTAGES IN ROTATING MACHINES, 
E. M. Hunter, General Electric Co. 
Scheduled for June issue 


SATURATED SYNCHRONOUS REACTANCE, Charles 
Kingsley, Jr., Massachusetts Institute of Tech- 
nology. March issue, p. 300-5 


INSULATION FOR HIGH VOLTAGE ALTERNATORS, 
C. M. Laffoon and J. F. Calvert, Westinghouse 
Electric and Mfg. Co. Scheduled for June issue 


EFFECTS OF SATURATION ON MacHINE REACT- 
ANCES, L. A. Kilgore, Westinghouse Electric and 
Mfg. Co. May issue, p. 545-50 


9:00 a.m.—Applications to Iron and Steel Produc- 
tion, R. W. Graham, chairman 


D-C BRAKING oF INDUCTION Motors, F. E. 
Harrell and W. R. Hough, The Reliance Electric 
and Engineering Co. May issue, p. 488-93 


SPEED TRANSIENTS OF D-C Ro.Liinc Mitt 
Morors, L. A. Umansky and T. M. Linville, Gen- 
eral Electric Co. April issue, p. 387—4 


ELECTRIC POWER EQUIPMENT FOR STEEL PLANTS, 
R. H. Wright, Westinghouse Electric and Mfg. Co. 
May issue, p. 481-5 


D-C Crrcuir BREAKERS IN STEEL MILL SERVICE, 
William Deans, I-T-E Circuit Breaker Co. 
Scheduled for June issue 


9:00 a.m.—Selected Subjects, H. M. Turner, chair- 
man 


PROTECTIVE SIGNALING, P. M. Farmer, American 
District Telegraph Co. Scheduled for June issue 


D-C Crean-Up-In INSULATING Oms, J. B. 
Whitehead and S. H. Shevki, The Johns Hopkins 
University. Scheduled for June issue 


THE SPARKLESS SPHERE GAP VOLTMETER, R. W. 
Sorensen, J. E. Hopson, and Simon Ramo, Cali- 
fornia Institute of Technology. 

Scheduled for June issue 


Friday, June 28 


9:00 a.m.—Electrochemistry and Electrometallurgy, 
N. R. Stansel, chairman 


Opening Address. 

CALCULATIONS FOR CORELESS INDUCTION FuR- 
naces, H. B. Dwight, Massachusetts Institute of 
Technology, and M. M. Bagai, Ampere, N. J. 2 

‘March issue, p. 312-5 

Storage Battery Charging, J. L. Woodbridge, 
The Electric Storage Battery Co. 

May issue, p. 516-25 

PHOTOELECTRIC CONTROL OF RESISTANCE TYPE 
MetTaL Heaters, E. H. Vedder, Westinghouse 
Electric and Mfg. Co., and M. S. Evans, American 
Car and Foundry Co. Scheduled for June issue 


Address: THe ELECTROCHEMICAL AND ELEC- 
TROMETALLURGICAL INDUSTRIES 
Takei, Tokyo University of Engineering. 


9:00 a.m.—Power Transmission, D. M. Simmons, 
chairman 


SomME FEATURES OF THE BOULDER CANYON 
Project, E. F. Scattergood, Bureau of Power and 
Light, City of Los Angeles. April issue, p. 361-5 

ENGINEERING FEATURES OF THE BOULDER Dam 
TRANSMISSION SYSTEM, E. F. Scattergood, Bureau 
of Power and Light, City of Los Angeles. 

May issue, p. 494-512 

A CRITERION OF QUALITY OF CABLE INSULATION, 
K. S. Wyatt and E. W. Spring, The Detroit Edison 
Co. April issue, p. 417-21 


IN Japan, D. 


to each discusser for the discussion of a 
single paper or of several papers on the same 
general subject. When a member signifies 
his desire to discuss several papers not 
dealing with the same general subject, he 
may be permitted a somewhat longer time. 

It is preferable that a member who wishes 
to discuss a paper give his name in ad- 
vance to the presiding officer of the ses- 
sion at which the paper is to be presented. 
Each discusser is to step to the front of the 
room and announce, so that all may hear, 
his name and _ professional affiliations. 
Three typewritten copies of discussion pre- 
pared in advance should be left with the 
presiding officer. 

Other discussion to be considered for 
publication must be submitted, typed 
double spaced, in triplicate to C. S. Rich, 
secretary of the technical program com- 
mittee, A.I.E.E. headquarters, 33 West 
39th St., New York, N. Y., on or before 
July 12, 1985. Discussion received after 
this date will not be accepted. 


Technical Conferences 


A number of technical conferences or in- 
formal round table meetings on various 
subjects have been scheduled for the benefit 
of specialists and the younger members. 
At some of these meetings leaders in 
specialized fields will speak informally point- 
ing out the lines of future progress as they 
see them, after which those attending should 
feel free to discuss subjects on the agenda 
informally. It is hoped that these talks 
will direct some of the work of the Institute 
committees into new and pertinent chan- 
nels. No provision will be made for print- 
ing of talks, papers, discussions, or con- 
clusions reached at these conferences. 

The objectives and agenda for several of 
the technical conferences are described in 
the paragraphs which follow the “‘Schedule 
of Technical Conferences’ given below. 


Schedule of Technical Conferences 


Monday, June 24, 2:00 p.m. 
PROBLEMS OF THE STUDENT AND CADET ENn- 
GINEER, M. G. Malti, chairman. 
D-C Test Copr, R. W. Owens, chairman. 
TRANSFORMERS, J. E. Clem, chairman. 


RESEARCH ON INSULATING Ors, K. S. Wyatt, 
chairman. 


Tuesday, June 25, 2:00 p.m. 


Norse, P. L. Alger, chairman. 


Mercury Arc Recririers, O. K. Marti, chair- 
man. 


Drecectric THEORIES, H. H. Race, chairman. 


CrrcuitT BREAKER STANDARDS, H. P. Sleeper, 
chairman, 


REACTANCE COEFFICIENTS OF SYNCHRONOUS 
Macuines, C. M. Laffoon, chairman. 


Thursday, June 27, 2:00 p.m. 
ELECTRICAL ENGINEERING CURRICULA AND 
EDUCATIONAL MetuHops, H. W. Bibber, chairman. 


RESEARCH IN ENGINEERING SCHOOLS, Vladimir 
Karapetoff, chairman. 


DISTRIBUTION TRANSFORMER PROTECTION, K. B. 
McEachron, chairman. 


TENSOR ANALYSIS, E. E. Dreese, chairman. 


Conpucror VisRATION, D. M. Simmons, chair- 
man. 


May 1935 
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In some cases members are invited to sub- 
mit discussions te the respective chairmen 
in advance of the meetings. In general, the 
conferences have been sponsored by the 
subcommittees of technical committees 
and they afford an opportunity for the 
committees to obtain assistance from in- 
dividuals, not members of the committees, 
but interested in the particular subjects 
under discussion. In this way both the in- 
dividuals and the committees will profit. 


PROBLEMS OF THE 
STUDENT AND CADET ENGINEER 


Of interest to students, educators, and 
personnel directors is the technical con- 
ference devoted particularly to the problems 
of the student and cadet engineer. 


Profes- 


and measurement standards now enables 
noise levels to be determined and described 
accurately. This fact, together with the 
growing public demand for quieter appara- 
tus, has greatly stimulated interest among 
electrical engineers in the subject of noise 
control, From the ideas developed at this 
meeting, it is hoped that designers will se- 
cure an improved understanding of what 
will constitute satisfactory noise levels in 
the future, and engineers generally will learn 
much about the practical aspects of noise 
measurement. 

Informal talks will be given by 4 men who 
are noted for their leadership in the field of 
acoustics and noise measurements. Dr. 
Donald A. Laird, of Colgate University, 
will speak on the psychological aspects of 
noise: Dr. E. E. Free, of the E. E. Free 


Baker chemical laboratory on the campus of Cornell University, Ithaca, N. Y., where many of 
the technical sessions and round table discussions during the Institute’s 1935 summer convention 


June 24-98, will be held 


sor Malti has, for the past 2 months, been 
sounding educational and professional opin- 
ion as to howthis round table discussion may 
be made most beneficial to students. He 
promises to give those who attend a cross 
section of the views regarding problems of 
students and cadet engineers. There will 
be short 10 minute talks by men in the 
industry and in the universities as well as 
by the students themselves. The purpose 
of these talks is to stimulate discussion 
rather than express dogmatic opinions. 
The speakers and subjects for this meeting 
will be announced in the June issue of 
ELECTRICAL ENGINEERING. Watch for it! 


D-C Test CopgE 


The meeting will be opened by the chair- 
man who will give a brief statement as to 
the history and purpose of the test code. 
Members of the subcommittee will discuss 
assigned topics as follows: judging of com- 
mutation, running-light losses, shaft cur- 
rents, temperature test, brush setting in- 
sulation resistance, and stray load losses. 


NOISE 


The discussion at this meeting will bring 
out available information on the levels of 
noise now existing under different living con- 
ditions in different places and psychological 
data on the desirable or ‘“‘comfort”’ levels of 
noise which may reasonably be sought for 
in the future. 

The availability of improved noise meters 
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Laboratories, New York, N. Y., will pre- 
sent the results of his experience in con- 
ducting over 100 noise surveys; John S. 
Parkinson, of the Johns-Manville Research 
Laboratory, will give his experiences in 
regard to the establishment of satisfactory 
levels of noise; and H. B. Marvin, of the 
General Electric Company, will speak on 
noise measurements with particular refer- 
ence to electrical apparatus. Advance 
information may be secured by addressing 
the subcommittee chairman, P. L. Alger, 
General Electric Company, Schenectady, 
N. Y., or any one of the speakers. 


Mercury Arc RECTIFIERS AND INVERTERS 


At this conference prominent engineers 
will express their views on various subjects 
now being actively studied regarding this 
type of equipment. Among the topics to 
be discussed are: (1) water cooling, with 
its attendant phenomena of corrosion, and 
remedies for the latter; (2) interference 
with communication circuits due to har- 
monics produced in the a-c supply circuits, 
and means for their suppression or elimina- 
tion; (3) voltage control by means of control 
grids, inversion, and regeneration; (4) 
consideration of terms such as thyratron, 
ignitron, and mutator, in view of the widen- 
ing field of application of grid-controlled 
mercury arc rectifiers as inverters, fre- 
quency changers, commutators, ete.; and 
(5) the proposed A.I.E.E. Standards for 
dielectric tests, with particular reference to 
the recent use of mercury are rectifiers for 


high voltage applications. It is felt that 
such a discussion will prove of benefit to 
all engineers taking part in it, who are in- 
terested in this increasingly important 
field. 


REACTANCE COEFFICIENTS 
oF SYNCHRONOUS MACHINES 


The discussion at this conference will 
cover definitions, effects of saturation, ap- 
plication, and methods of measuring react- 
ances. Interested engineers are invited 
to submit discussions of this subject in 
advance of the meeting to C. M. Laffoon, 
chairman, synchronous machinery sub- 
committee, Westinghouse Electric and 
Manufacturing Company, E. Pittsburgh, 
Pas 


ELECTRICAL ENGINEERING CURRICULA 
AND EDUCATIONAL METHODS 


The list of speakers introducing the 
topics to be considered at this conference will 
be brief, in order that those attending may 
have an opportunity to express their per- 
sonal views. An endeavor will be made to 
hold the discussion within the field of 
curricula and methods. It is hoped that 
the absence of any printed papers or re- 
ports of the discussion will result in speakers 
omitting many of the qualifying phases 
which frequently take the life out of a 
printed paper, so that bold and vigorous 
statements of views will be the rule. There 
has been no dearth of recent periodical liter- 
ature dealing with questions of curricula 
and methods, and Dr. W. E. Wickenden’s 
final report on the S.P.E.E. investigation 
of engineering education provides much 
interesting material for discussion. 


CrrcuIT BREAKER STANDARDS 


This conference will consist of a discussion 
of the effect of recovery voltage and whether 
it should be included in the standard defini- 
tion of interrupting rating, also a discussion 
of the differences between American and 
European circuit breaker standards. 


DISTRIBUTION TRANSFORMER PROTECTION 


This conference will consider the methods 
of protection of distribution transformers 
with particular reference to those in rural 
service, covering such items as interconnec- 
tion of primary and secondary neutrals, 
grounding of transformer tanks, use of pro- 
tective gaps, etc. 


TENSOR ANALYSIS 


Those interested in new theoretical de- 
velopments should find this conference of 
unusual interest. Tensor analysis, as a 
branch of mathematics, has long been 
known to mathematicians. In late years 
this mathematical tool has been extensively 
employed by the physicists, particularly 
in dealing with relativity. Only recently 
has tensor analysis been applied with any 
vigor and success to electrical engineering. 
It now appears that the methods of tensor 
analysis give promise to the electrical en- 
gineer of simplicity of expression and 
generalization of heretofore divergent sub- 
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jects. This theoretical contribution ap- 
pears to those electrical engineers familiar 
with it, to be important and significant in 
the treatment of circuits, electrical ma- 
chinery, and the electron tube. It is the 
purpose of this conference to sound out not 


only these theoretical possibilities of sim- 


plification and generalization, but also to 
appraise, as well as can be done at this time, 
the practical significance and advantages of 
this new analysis in electrical engineering 
problems. 

The application of tensor analysis to 
electrical engineering problems has nothing 
to do with relativity or relativity dynamics. 
It has simply been discovered that when the 
electrical engineer attacks the electrical 
machine using tensor analysis as a tool, he 
reaches a generalized equation which is of 
the same form as the equation reached by 
Doctor Einstein when he attacked the prob- 
lem of relativity by the use of tensor analysis. 
This leads those versed in the subject to 
conclude that there is in the electrical ma- 
chine a concrete physical analogue of the 
- electron in motion. 


Other Features 


ENTERTAINMENT 


The entertainment features will consist 
of the President’s reception and dance on 
Monday evening, an outing and picnic 
at Taughannock State Park on Tuesday 
afternoon, an inspection trip to the Corning 
Glass Works and buffet supper at Corning 
on Wednesday, an annual banquet and 
entertainment on Thursday, and a get- 
together luncheon on Friday. 

In addition to the above, for the women 
there will be a drive about the Cornell 
campus, an inspection of the Home Eco- 
nomics College and laboratories, a drive to 
Enfield State Park, and a bridge luncheon. 
There will also be a musicale on Wednesday 
evening, at which Professor Karapetoff 
will be one of the entertainers. The com- 
mittee is also making arrangements for 3 
lectures by well known leaders in their re- 
spective fields. 


Notice of 
Annual Meeting 


The annual meeting of the Ameri- 
can Institute of Electrical Engineers 
will be held at Cornell University, . 
Ithaca, N. Y., at 10 a.m. on Monday, 
June 24, 1985. This will constitute 
one session of the annual summer con- 
vention which is to be held this year 
in Ithaca, N. Y. 

At this meeting, the annual report 
of the board of directors, and the re- 
ports of the committee of tellers on 
the ballots cast for the election of 
officers and for constitutional amend- 
ments will be presented. 

Such other business, if any, as 
properly may come before the annual 
business meeting may be considered. 


(Signed) H. H. HENLINE 
National Secretary 
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It will be necessary to charge moderate 
fees for certain entertainment events but 
the total amount of the fees for all events 
will not exceed $6 per person. 


TAUGHANNOCK STATE PARK 


There will be a picnic for all members of 
the A.I.E.E. and their guests on Tuesday 
afternoon, June 24. Taughannock Boule- 
vard, skirting the western shore of Cayuga 
Lake, northward, 11 miles from Ithaca, leads 
to Taughannock State Park, where plunges 
Taughannock Falls, 215 feet high, the high- 
est straight falls east of the Rocky Moun- 
tains. The park contains a bathhouse, 
shelter pavilion, excellent bathing beach, 
trails, baseball diamond, children’s play- 
ground apparatus, bowling green, tennis 
courts, quoits, and horseshow pitching 
courts, camping and picnic facilities, as 
well as large parking areas, sight-seeing 
boulevards, outlooks, bridges, and other 
advantages. The cool breezes across Ca- 
yuga Lake constantly fan the 400 acres in 
the preserve. 


Program 


2:00-4:30 p.m.—Cars will leave campus at con- 
venience of guests. Transportation will be 
provided for those who do not drive their own 
cars, 


Entertainment at the Park—Trip through gorge 
to main falls; about one mile of scenic paths 
easy to travel. About one hour should be 
allowed for return trip, No guides necessary. 
Form your own party and take your time. 


Sports on playground near the lake—Baseball (soft 
ball); Horseshow pitching; Bowling. 


Swimming—Dressing rooms at State Park Pavilion 
may be used. 


5:30 p.m.—Picnic supper served along lake front. 


7:00-7:30 p.m.—Return to Ithaca in time for 
lecture at Bailey Hall. 


CorNING GLASS WORKS 


The main plants of the Corning Glass 
Works, the world’s largest manufacturers of 
technical glassware, are located in Corning, 
N. Y., about 40 miles from Ithaca. Here 
was poured the famous 200 inch astronom- 
ical mirror for the California Institute of 
Technology, the production equipment for 
which may be inspected, as well asthe manu- 
facture of many products for scientific 
and general use. The company specializes 
in the manufacture of well-known brands 
of borosilicate and other technical glasses. 
Some of the products which may be in the 
course of manufacture during the inspection 
trips are: insulators; ovenware; chemical 
and laboratory ware; and railroad, marine 
and aviation signal glassware. Processes 
to be witnessed include the drawing of 
thermometer tubing, hand and machine 
drawing of tubing for neon signs, electric 
light bulbs, automobile fuses, gage glasses, 
etce., and also the manufacture of miscel- 
laneous industrial wares. Of interest to 
the women will be the hand production of 
the famous “Steuben” art glass, such as 
vases, goblets, bowls, etc. A showroom is 
maintained for the display of some of the 
many thousands of items manufactured by 
this company. 

At Wellsboro, Pa., about 40 miles from 
Corning, is another plant which will be 
open for inspection, where the high speed 
machine production of electric light bulbs 
and radio tube bulbs may be observed. 

Principally for the women, the trip will 


Future AIEE Meetings 


Summer Convention, 
Ithaca, N. Y., June 24-28, 1935 


Pacific Coast Convention, 
Seattle, Wash., Aug. 27-30, 1935 


Great Lakes District Meeting, 
West Lafayette, Ind., Oct. 24-25,1935 


Winter Convention, 
New York, N. Y., Jan. 28-31, 1936 


North Eastern District Meeting, 
New Haven, Conn., May 1936 


Summer Convention, 
Los Angeles, Calif., June 22-26, 1936 


Middle Eastern District Meeting, 
Akron, Ohio (date to be determined) 


start at 9:00 am. from Willard Straight 
Hall on Wednesday, June 26, and trans- 
portation will be available for the men 
attending the sessions from 9:00 a.m. to 
2:30 p.m. in groups of 4 or 5 persons. 


SPORTS 


Golf, tennis, and swimming may be 
enjoyed at any time during the convention. 

Golf—The Ithaca Golf Course, overlook- 
ing Cayuga Lake, is located just outside 
the campus and is one of the best courses 
in the Finger Lakes region. Arrange- 
ments have been made so that all guests 
can use this course on the payment of green 
fees of $1 per day. Other courses in this 
region will also be available. 

The usual competition for the Mershon 
and Lee golf trophies will be held. The 
Mershon trophy is competed for on a match 
play handicap basis. The qualifying round 
for the Mershon trophy must be played on 
Monday, June 24; the second round, best 
16, match play, will be played on Tuesday, 
followed by the third round on Wednesday, 
and the semi-final and final rounds on 
Thursday. 

The Lee trophy is awarded annually for 
the lowest net score for 36 holes, of which the 
first 18 may be the qualifying round and the 
other 18 must be played not later than 
Thursday afternoon. 

Other contests, including a putting con- 
test for the women, will be held. 

Tennits—The contests will center, as 
usual, about the Mershon tennis trophy 
which, beginning this year, is to be on a new 
basis. Instead of becoming the property 
of one who wins twice, it is to remain 
permanently in the possession of the In- 
stitute. The name of the winner will be 
engraved on it each year. The first con- 
tests in men’s singles will be started on 
Monday, June 24. 

Contests in men’s doubles, women’s 
singles, and mixed doubles will also be 
arranged if there is sufficient registration for 
them. Prizes for the winners will be 
awarded for these contests. There are 
plenty of courts available on the campus 
for all who desire to play whether com- 
peting for prizes or not. 

Swimming—There are many natural 
outdoor swimming places about Ithaca, 
one of which is located in Fall Creek Gorge 
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Membership— 


Mr. Institute Member: 


the past. 


only a few minutes walk from the dormi- 
tories. 

Walking and Driving—Ithaca is noted 
for its many gorges and beautiful walks. 
There are 2 gorges on the campus if which 
the outdoor enthusiast can spend many 
hours. There are also within a short driv- 
ing distance many other beauty spots in- 
cluding: Buttermilk Falls and Gorge, 2 
miles; Enfield Park and Gorge, 6 miles; 
Watkins Glen and Gorge, 30 miles. Direc- 
tions to reach these will be available at the 
registration desk. 


HovusiInGc 


Living accommodations will be largely 
confined to the university dormitories 
located on the Campus. These are modern 
in all respects and while they do not have 
rooms with private baths, the accommoda- 
tions are very comfortable. The rates 
charged at university dormitories are: 
$2.00 per day per person for first 2 days 
$1.00 per day per person after first 2 days 
Dormitory reservations should be made in 
advance with L. A. Burckmyer, Cornell 
University, Ithaca, N. Y., chairman of the 
housing committee. 

During the convention, good meals may 
be obtained economically in the cafeteria 
and dining rooms of Willard Straight Hall. 

Private rooming houses adjoining the 
campus offer accommodations as follows: 


$1.00 to $1.50 per day per person 


Reservations also can be obtained at the 
hotels. Rates, European plan, are as fol- 
lows: 


Ithaca Hotel; 125 rooms, 75 with bath 


Per Day 
Single rooms without bath....... $2.00 
Double rooms without bath...... 3.00 and $4.00 
Single rooms with bath.......... 2.50 and $3.00 
Double rooms with bath......... 5.00 and $6.00 
Clinton House; 60 rooms 

Per Day 
Single room without bath........$2.00 
Double room without bath....... 4.00 
Single room with bath........... 2.50 and $3.00 


Double room with bath.......... 5.00 and $6.00 
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Shortly after the time this message is placed in your hands you will 
receive a letter in the interest of membership activities asking thet 
you send in the name of one person who, you feel, should be in- 
vited to join the Institute. Your helpfulness in this regard in the past 
has been the means of receiving many applications for membership 
and we know you will want to continue to help in this regard as in 


ee 


Chairman National Membership Committee 


These hotels are at the foot of the hill about 
one mile from campus headquarters. 

Glenwood Hotel on Cayuga Lake, about 
4 miles from campus headquarters, will 
accommodate 75 people in the hotel and 
cottages. There is a good road along the 
lake shore to Glenwood. Reasonable rates 
may be obtained on either the American 
plan or the European plan. 

Members and guests should make their 
hotel reservations by writing directly to the 
hotel of their preference. 

Camping facilities may be found in a 
number of places, but the most desirable is 
at Taughannock State Park about 11 miles 
from Ithaca, and can be reached by good 
roads. 


REDUCED RAILROAD RATES 


Fare and one-third for the round trip 
over the same route will be available to 
members and guests, provided 100 certifi- 
cates are validated at the registration desk. 
Consult your local ticket agent regarding 
the territory and dates applicable. Obtain 
your certificate authorized by the railroad 
passenger associations. 


Campus HEADQUARTERS AND REGISTRATION 


The campus headquarters will be Willard 
Straight Hall, which is located on Central 
Avenue on the Cornell campus. The 
Cornell campus, one of the most beautiful 
in America, is situated on a hill overlooking 
the City of Ithaca and Cayuga Lake and 
may be reached from the depots by street 
car or bus (fare 10 cents), or by taxi (fare 
generally 50 cents). The registration bu- 
reau will open at 8:30 Monday morning 
and those in attendance should register 
promptly. A registration fee of $2.00 will 
be charged all nonmembers, except Enrolled 
Students and the immediate families of 
members. 


COMMITTEE 


The general convention committee for 
the 1935 summer convention consists of the 


following members: R. F. Chamberlain, 
chairman; W. H. Timbie, vice-chairman; 
A. C. Stevens, secretary-treasurer; P. L. 
Alger, C. H. Bissell, R. N. Conwell, E. P. 
Harder, V. Karepetoff, P. M. Lincoln, 
True McLean, W. E. Meserve, A. C, Stall- 
man, I. Melville Stein, J.O. West, and J. P. 
Wood; also the following subcommittee 
chairmen: registration, E. M. Strong; 
housing, L. A. Burckmyer, Jr.; publicity, 
M. G. Malti; transportation, B. K. North- 
rop; inspection trips, J. T. Littleton; en- 
tertainment, W. C. Ballard, Jr.; and 
wowen’s committee, Mrs. R. F. Chamber- 
lain. 


South West District 
Meeting Well Attended 


Reports of the opening day of the A:I.E.E. 
South West District meeting held in Okla- 
homa City, Okla., April 24-26, received in 
time for inclusion in this issue, indicate a 
successful meeting. Registration for the 
first day exceeded 350 members, Students, 
and guests, and was drawn from 18 states. 
Attendance at the first 2 technical sessions 
averaged more than 300 persons each, and 
the wide discussion of the papers presented 
at these sessions reflects active interest. 

A full report of this meeting is scheduled 
for publication in the June issue of ELEc- 
TRICAL ENGINEERING. 


A.1.E.E. Executive 


Committee Meets 


In accordance with action of the board of 
directors in October 1934, a meeting of the 
executive committee of the A.I.E.E. was 
held at Institute headquarters, New York, 
N. Y., on March 29, 1935. 

In the absence of President Johnson, due 
to illness, Vice-President R. H. Tapscott 
presided, and the other members of the 
committee present were H. P. Charlesworth, 
F. Malcolm Farmer, Everett S. Lee, W. I. 
Slichter; also present were L. W. W. 
Morrow, a member of the board of directors, 
and National Secretary H. H. Henline. 

A resolution in memory of Dr. Michael I. 
Pupin, Honorary Member and past presi- 
dent of the Institute, who died on March 12, 
was adopted, as printed elsewhere in this 
issue. 

Reports were presented and approved of 
meetings of the board of examiners held 
February 19 and March 21, 1935; and upon 
the recommendation of the board of ex- 
aminers, the following actions were taken: 
2 applicants were transferred to the grade 
of Member; 12 applicants were elected and 
13 transferred to the grade of Member; 
76 applicants were elected to the grade of 
Associate; 205 Students were enrolled. 

The finance committee reported monthly 
disbursements amounting to $24,089.39 in 
February and $17,009.87 in March. Report 
approved. 

Upon request of the Southern Virginia 
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Section, the name of that Section was 
changed to ‘Virginia Section,’ inasmuch as 
its territory includes a large part of the 
state. 

Upon the recommendation of the stand- 
ards committee and subject to concurrence 
by the American Standards Association, the 
Association de Ingenieros del I.C.A.J. was 
granted permission to reprint A.I.E.E. 
Standards in Spanish. 

Report was made of the following appoint- 
ments made upon the recommendation of 
the standards committee: E. F. Beck as one 
of the Institute’s representatives upon the 
Sectional Committee on Safety Code for 
Lightning Protection, and W. M. Dann as 
an alternate representative upon the Sec- 
tional Committee on Transformers. 

The president’s appointment of the 
following committee of tellers to canvass 
and report upon the ballots cast for the 
1935 election of Institute officers and for the 
proposed constitutional amendments was 
confirmed: R. H. Twiss, chairman, J. T. 
Binford, W. E. Coover, K. B. Hoffman, 
Henry Kurz; H. F. Marples, and R. B. 
Shanck. 

F. M. Farmer, chairman of the Institute’s 
committee on research, was nominated for 
election as a representative of the Institute 
upon the Engineering Foundation board 
for the 4 year term beginning in October 
1935, succeeding Dr. C. E. Skinner, whose 
term will expire at that time. 

Dr. J. B. Whitehead was nominated for 
appointment as a representative of the 
Institute upon the division of engineering 
and industrial research, National Research 
Council, for the 3 year term beginning 
July 1, 1935, to succeed Chester W. Rice, 
whose term expires at that time. 


Approval was given to the disbanding of 
the American Committee on Electrolysis 
after distribution of its assets among the 
organizations comprising the committee. 

Announcement was made of a joint 
dinner meeting to be held at the Engineers’ 
Club, New York, N. Y., on May 20, 1935, 
of the members of the governing bodies of 
the founder societies, United Engineering 
Trustees, Inc., and all joint organizations of 
these societies, for a comprehensive discus- 
sion of all joint activities. 

Other matters were discussed, reference to 
which may be found in this or future issues 
of ELECTRICAL ENGINEERING. 


Pacific Coast Convention 
Now Being Planned 


Plans are taking form for the A.I.E.E. 
1935 Pacific Coast convention, which will 
be held in Seattle, Wash., August 27-30. 
The Olympic Hotel will be convention 
headquarters. The tentative plans call for 
5 technical sessions and 2 student sessions 
with social activities scheduled in the even- 
ings. 

The personnel of the Pacific Coast con- 
vention committee was announced in ELEc- 
TRICAL ENGINEERING for April 19385, page 
451. The names of the chairmen of the 
District committees on Student activities, 
E. O. Osburn and F. C. Lindvall, have been 
added to the convention committee. J. H. 
Kelly, chairman of the subcommittee on 
publicity, is unable to serve and in his place 
R. E. Kistler has been appointed. 


A Cornell Residential Hall to Be 


Used During the Summer Convention 


Batcu Hall, one of a group of residential halls available for 
housing guests at the Institute’s annual summer convention to be 
held this year on the campus of Cornell University, Ithaca, N. Y., 
June 24-28. The exterior of this hall is shown here, together with 
an interior view of one of the students’ rooms. 
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Fundamental Research 


in Electric Welding 


The following self-explanatory item has 
been submitted by the Institute’s committee 
on research: 

“What can be done in the way of getting 
research investigators sufficiently interested 
to volunteer to take up research investiga- 
tions is illustrated by the success of the ef- 
forts of the fundamental research committee 
of the American Bureau of Welding, with 
H. M. Hobart (A’94, F’12 and member for 
life) of the General Electric Company, 
chairman. As practically all of these 
projects have to do with electric welding, 
the research committee of the Institute 
feels that this accomplishment should be 
brought to the attention of the members of 
the Institute. 

“A total of 87 projects have been ini- 
tiated. Some of these are duplicates, that 
is, the same project is being worked on by 
more than one investigator but there are 
over 60 different subjects in the list. A 
total of 71 individuals are doing the work in 
29 colleges and universities, and 11 in- 
dustrial and Government laboratories. As 
all of this work is being done quite volun- 
tarily without any financial support other 
than the negligible amount that may be 
involved in supplying weld specimens that 
are required. The majority of the men are 
busy professors and it is very much to their 
credit that they undertake these research 
projects “‘on the side.” It is also evident 


that there is plenty of the research spirit 
in our technical schools which will respond 
to inspirational leadership. 

“The Institute’s committee on research 
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has been advised that anyone interested in 
the details of this program can obtain a 
copy of a complete list of the projects, the 
men carrying them out, their affiliation, 
ete., together with any other details upon 


Suggestions for 


Section Activities 


For the purpose of improving the quality 
of the meetings of the Institute’s numerous 
Sections, and increasing the interest of 
members in them, the circulation of ideas 
among the Sections is desirable. I. Mel- 
ville Stein, chairman of the A.I.E.E. Sec- 
tions committee, has summarized the prac- 
tices of a few of the Sections which depart 
somewhat from customary procedure, and 
for the benefit of other Sections, these items 
are presented herewith: 


A SUGGESTION FROM 
Our CANADIAN DISTRICT 


Vice President A. H. Hull, of the Cana- 
dian District (number 10) recently called to 
the attention of the Sections in his District 
an additional Institute activity which might 
be undertaken by the Sections. 

Specifically, Vice President Hull called 
attention to the interesting news items ap- 
pearing in ELECTRICAL ENGINEERING, such 
as “‘Message from the President,” ‘Letters 
to the Editor,” and other items appearing 
under “News of the Institute and Related 
Activities,’ and suggested that the member- 
ship could be kept better informed on such 
matters if important news items, such as 
these, were reviewed briefly at Section 
meetings. It was Vice President Hull’s 
suggestion that the executive committees of 
the Sections appoint individuals to review 
such news items and to provide 10 minutes 
or so at each Section meeting for the re- 
viewer or reviewers to present briefly the 
ideas contained in these news items. 

Judging from the comments of the Sec- 
tions’ officers in District number 10, the 
suggestion was received enthusiastically and 
is being tried out in a number of the Ca- 
nadian Sections. It is too early to report 
definite results, but the operation of this 
plan in the Canadian District will certainly 
be well worth watching. 

It has been suggested that this same 
general idea might be successful in connec- 
tion with strictly technical papers appearing 
in ELECTRICAL ENGINEERING. Specifically, 
it has been suggested that the Section execu- 
tive committees might appoint individuals 
known to be familiar with particular tech- 
nical articles appearing in ELECTRICAL 
ENGINEERING, to present, briefly, before 
Section meetings, the high-lights of these 
articles, so that those members not expert in 
a particular field could be kept informed ina 
general way. 


SECTION MEETING NOTICES 


There is a great diversity in the type of 
notices sent out by various Institute Sec- 
tions. Many of these notices are in such 
excellent form that it is obvious that con- 
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application to H. M. Hobart, chairman, 
fundamental research committee, American 
Bureau of Welding, Engineering Societies 
Building, 29 West 39th Street, New York, 
IN, WE” 


siderable time and thought have been given 
to their preparation. A discussion of all of 
the excellent forms used would be too 
lengthy to be included here. 

The Cincinnati, Ohio, Section has re- 
cently adopted a form of notice, which, not 
only is excellent in form, but includes a 
distinct feature that deserves specific men- 
tion, that is, the inclusion on each meeting 
notice of a photograph of the speaker. The 
notice is arranged in a dignified form on 
standard 81/, by 11 inch paper and repro- 
duced from the original typing and the 
original photograph by the offset printing 
process. 


Forum MEETINGS 


The Toledo, Ohio, Section has adopted a 
form of meeting which it calls ‘forum meet- 
ings,’’ to satisfy the desire of its members for 
meetings in which general current topics can 
be discussed. The forum meetings are ad- 
ditional to the regular technical meetings 
and are held on days which not only do not 
conflict with the regular Section meetings, 
but are sufficiently spaced from the regular 
meetings to avoid having the members 
choose between one or the other type of 
meeting rather than attending both. At 
the forum meetings, men of real ability are 
obtained for speakers, to assure that the 
topic under discussion is well presented. 

The popularity of the forum meetings is 
attested by the fact that when they were 
discontinued for a time because of economic 
reasons, the Section received many requests 
for their continuance and they have been 
resumed during the current year. 


15 MINUTE TALKS 


Another local activity being conducted by 
the Toledo Section is a series of 15 minute 
talks on fundamental electrical theory, one 
of these talks preceding each regular meet- 
ing of the Section. All the speakers for 
these 15 minute talks are chosen from the 
Section membership and experience with 
these meetings over a period of several 
years has shown to have the following ad- 
vantages: 

1. The bringing to light of latent local talent 
which otherwise might not have been revealed. 

2. The re-establishment in the minds of the audi- 
ence of certain phases of fundamental theory, 
which, because of lack of use, had almost been 
forgotten. 

3. An increase in attendance at meetings. 


At first the speakers were allowed to 
choose their own subjects for these 15 min- 
ute talks, but later the subjects of the talks 
were selected according to a program. In 
neither case was any attempt made to relate 
the subject of the 15 minute talk to the main 
subject of the evening. 


Views of the 
Boulder Dam Project 


Various phases of the Boulder Dam 


project on the Colorado River between Arizona 
and Nevada, and of the 275 kv transmission 
line connecting it with Los Angeles, Calif., are 
illustrated in these reproductions of 16 recently 
taken photographs. Photograph 1, showing 
Boulder Dam, was taken on March 20, 1935. 
Photographs 2 to 9, inclusive, showing other 
views of the Boulder Dam project, were taken 
on March.13; final height of the dam is shown, 
although the roadway across the top of the dam 
was not quite completed at that time. Photo- 
graphs 10 to 16, inclusive, showing the trans- 
mission line, were taken on March 19. All 
were taken by D. M. Simmons, chairman of 
the Institute’s committee on power transmission 
and distribution. The Boulder Dam project is 
being constructed by the U.S. Bureau of 
Reclamation, and that transmission line which is 
illustrated here is being erected by the Bureau 
of Power and Light of the City of Los Angeles. 


(1) View of Boulder Dam and the intake 
towers, looking downstream 


(2) Passenger launch on the fake being created 
above the dam 


(3) Spillway on the Nevada side of the river 


(4) Boulder Dam, looking upstream, and show- 
ing the Nevada wing of the power house 


(5) View from Lookout Point, near the dam, 
showing the water forming some 6 miles up- 
stream 


(6) Top of Boulder Dam, intake towers, and 
the spillway on the Arizona side of the river 


(7) The dam and a section of 30-foot penstock. 
To get the scale, note the people standing to 
the right of the penstock 


(8) Downstream face of the dam, and the 2 
wings of the power house; the Nevada wing is 
on the left, Arizona wing on the right 


(9) Bottom of the excavation, showing the 
Arizona wing of the power house 


(10) Connecting a dead end insulator string 
on a tower near Jean camp, about 70 miles west 


of Boulder Dam 


(11) A dead end insulator string being raised 
to a tower at Jean camp 


(12) Assembling a suspension insulator string 
near Kingston camp, about 40 miles west of 
Boulder Dam 


(13) A dead end tower near Kingston camp; 
in this photograph and in numbers 10 and 11, 
note the men on the tower 


(14) Dead end assembly at Jean camp for 
exhibition purposes; this assembly, including 
an I-beam for stiffening it during handling, 
weighs almost 700 pounds 


(15) A supply of reels at Jean camp, each 
reel containing one mile of 1.4 inch diameter 
hollow copper cable for the transmission line. 
This conductor, and other features of the line, 
are described in a paper on pages 494-512 of 
this issue. (Among other papers discussing 
the line and dam project are 2 in the April 1935 
issue and 2 scheduled for issues in the near 
future) 
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E.C.P.D. Reports on Plans to Guide Students, 


Accredit Schools, and Promote Professional Status 


Di:veLorpments in the co-operative 
program of engineering societies, educators, 
and representatives of state licensing boards 
looking toward the improvement of the 
engineering profession and the enhancement 
of the status of its members are recorded in 
the second annual report of the Engineers’ 
Council for Professional Development, 
published on April 15, 1935. 

The report, copies of which may be ob- 
tained at the headquarters of the E.C.P.D., 
secretary, 29 West 39th Street, New York, 
N. Y., isa pamphlet of 44 pages and includes 
4 individual reports of the E.C.P.D.’s 
principal committees on student selection 
and guidance, engineering schools, profes- 
sional training, and professional recognition. 

Dr. C. F. Hirshfeld (A’05), director of 
research, Detroit (Mich.) Edison Company, 
and C. E. Davies, secretary, The American 
Society of Mechanical Engineers, acting, 
respectively, as chairman and secretary of 
the E.C.P.D. for 1934, call attention in the 
main report to the progress made during the 
year. The 7 participating bodies approved 
the recommendation that E.C.P.D. be 
established as an accrediting agency for 
schools of engineering. Two of the par- 
ticipating societies, the American Society of 
Civil Engineers, and The American Society 
of Mechanical Engineers, approved in 
principle a definition of an engineer, pro- 
posed by the E.C.P.D., and standard 
grades of membership in engineering so- 
cieties, a recommendation of the E.C.P.D. 
Another participating body, the National 
Council of State Boards of Engineering 
Examiners, approved the definition. 

Aided by a grant of $2,800 from the En- 
gineering Foundation for publications and 
for the work being conducted in student 
selection and guidance, in post-college 
training and development, and in profes- 
sional recognition, E.C.P.D. was able, dur- 
ing 1934, to supplement and extend the 
voluntary efforts of its numerous committee 
members. Asa result, substantial progress 
is noted im the reports of the Council’s 
4 major committees. 

R. L. Sackett, dean, college of engineering, 
Pennsylvania State College, in the report 
of the committee on student selection and 
guidance, of which he is chairman, says 
that during 1934 the committee concerned 
itself with 3 major problems: 

1. The selection of a suitable booklet for informing 


high-school and secondary-school students about 
engineering. 

2. Consideration of ways and means whereby this 
booklet could be used to the best advantage by 
students in secondary schools. 


8. The development of some means whereby 
boys qualified to take up engineering could be 
selected from among those who apply for entrance 
to engineering schools. 


The report describes 3 experiments in 
guidance conferences for secondary-school 
students. 

Setting up a procedure by means of 
which the accrediting of schools of engineer- 
ing may be undertaken by E.C.P.D. is 
described by Dr. Karl T. Compton (F’31), 
president, Massachusetts Institute of Tech- 
nology, Cambridge, in the report of the com- 
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mittee on engineering schools, of which he is 
chairman. Supplementing the report is the 
complete questionnaire to be used by the 
committee in securing the basic facts with 
respect to the engineering school seeking to 
be accredited by E.C.P.D. 

For the year’s activities of the committee 
on professional training, its chairman, 
Gen. Robert I. Rees, assistant vice presi- 
dent, American Telephone and Telegraph 
Company, New York, N. Y., reports a 
comprehensive method by which junior 
engineers may make a personal appraisal of 
themselves. Searching questions to be 
answered by the individual cover his occu- 
pation and his personal and professional 
status and provide the basis of formulating 
a general and an immediate program for his 
own development. Another accomplish- 
ment of the committee is the revision of an 
annotated reading list of more than 100 
carefully selected books covering a broad 
range of nonengineering subjects. Sec- 
tions of this list are being published month- 


by-month in current issues of ELECTRICAL 
ENGINEERING. 

Two major efforts of the committee on 
professional recognition, whose chairman is 
Conrad N. Lauer, president, Philadelphia 
Gas Works, Philadelphia, Pa., were devoted 
to the adoption of a tentative draft of a 
program of certification into the engineering 
profession, and the explanation of the com- 
mittee’s proposed definition of the term 
“engineer” and of its suggested standard 
grades of membership in engineering so- 
cieties. The committee’s program of cer- 
tification into the profession is given in 
detail. 

In addition to the reports of the 4 major 
committees, the main report also includes 
the charter and rules of procedure of E.C. 
P.D., the verbatim statement of 5 policies 
previously adopted by E.C.P.D., and the 
complete personnel of the Council and all of 
its committees. The report is thus a com- 
plete and authoritative source of informa- 
tion on the work and organization of this 
body. 

The Engineers Council for Professional 
Development is a conference of engineering 
bodies organized to enhance the profes- 
sional status of the engineer through the co- 
operative support of the national organiza- 
tions directly representing the professional, 


De Micheel Idvorsky Pupin, an Hon- 
orary Member of the Institute, and its 
thirty-eighth President, died on March 
12, 1935, in his seventy-seventh year. 

Coming to the United States alone at 
the age of 15, he devoted all possible 
time to studies while earning his living 
at various types of work. His unusual 
ability and his deter- 
mination to secure 4 
good education en- 
abled him to enter 
Columbia University 
in1879.and to gradu- 
ate in 1883. After 
pursuing advanced 
study in mathematics 
and physics at the 
University of Cam- 
bridge and in ther- 
modynamics at the 
University of Berlin, 
he received the de- 
gree of doctor of 
philosophy from the 
latter in 1889. 

Upon returning to 
the United States, he 
became a member of the faculty of Colum- 
bia University, entering upon a long 
career which was to bring him world- 
wide fame as educator, scientist, engi- 
neer, inventor, and author, and many 
high honors from governments, univer- 
sities, and scientific bodies. 

Gifted with a thorough understanding 
of human nature, he ever stood firmly in 
opposition to those who tried to create 


In Memoriam 


MICHAEL |. PUPIN 


a breach in the relations of science and 
religion. 

Doctor Pupin joined the Institute in 
1890, was transferred to the grade of 
Fellow in 1915, and was elected an 
Honorary Member in 1928. He served 
on various committees, as director 1892— 
95, as vice president 1895-97 and 
1901-03, and as 
president 1925-96. 
He received the Edi- 
son Medal in 1990, 
the Washington 
Award in 1928, the 
John Fritz Medal in 


1932, and other 
medals. 

BE IT THEREFORE 
RESOLVED: That, 


upon behalf of the 
membership of the 
American Institute of 
Electrical Engineers, 
the executive com- 
mittee hereby ex- 
presses its sincere 
regret at the death 
of Doctor Pupin and 
its appreciation of the important con- 
tributions he made to the development 
of the Institute and of the fields of en- 


gineering and science; and be it 
further 
RESOLVED: That these resolutions 


be entered in the minutes and trans- 
mitted to the members of Doctor Pupin’s 
family. 


—A.1|.E.E. Executive Committee, March 29, 1935 
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technical, educational, and legislative phases 
of an engineer’s life. The participating 
bodies are: American Society of Civil En- 
gineers, American Institute of Mining and 
Metallurgical Engineers, The American 
Society of Mechanical Engineers, American 
Institute of Electrical Engineers, Society for 
the Promotion of Engineering Education, 
American Institute of Chemical Engineers, 
and National Council of State Boards of 
Engineering Examiners. 

The executive committee is composed of 
C. F. Hirshfeld (A’05), chairman, J. Vipond 
Davies, F. M. Becket, W. E. Wickenden 
(A’07, M’13), C. F. Scott (A’92, M’93, 
F’25, HM’29, member for life, and past- 
president), H. C. Parmelee, R. I. Rees, 
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D. B. Steinman, and the secretary is George 
T. Seabury, 29 West 39th Street, New York, 
N.Y. A list of the officers, representatives, 
and committee members of E.C.P.D. was 
given in ELECTRICAL ENGINEERING for 
February 1935, pages 249-50. 


The activities of the 4 major committees 


are organized to cover the educational and 
professional needs of the engineer from the 
time he is a student in the secondary school, 
faced with the problem of entering upon a 
college education leading to a professional 
career, to the time he has developed in the 
practice of his chosen branch of the engi- 
neering profession to such an extent that he 
is eligible for membership in one of the pro- 
fessional engineering societies and for regis- 
tration for license to practice engineering 
under the laws of his state. The accom- 
panying diagram indicates the areas of in- 
fluence in the engineer’s life to which the 
activities of these 4 committees are related. 
Other articles on the activities of E.C. 
P.D. are given in the 3 preceding issues of 
ELECTRICAL ENGINEERING. 


Photoprints Service Available 
From Engineering Library 


The Service Bureau of the Engineering 
Societies Library has supplied almost 
200,000 photoprints of material in the 
library to individual engineers, engineering 
corporations, and libraries throughout the 
world, in a 5 year period. This service 
makes it possible for an engineer, who is far 
from library service or whose local library 
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neering profession. 


Biography and Travel 


Abraham Lincoln, Lord Godfrey Charnwood. 
Henry Holt, 1916. 


Two Years Before the Mast, R. H. Dana. 
Macmillan, 1923. 


Great Men of Science, Philipp Lenard. 
Maemillan, 1933. Biographical sketches of 
| about 10 pages each, of more than 50 out- 
standing scientists from ancient times to the 
World War. 


Alexander Graham Bell, C. D. Mackenzie. 
Houghton, Mifflin, 1928. 


Romance of Leonardo da Vinci, D. S. Merezh- 
kovskii. Translated by Herbert Trench. 
| Putnam. 


Travels of Marco Polo, edited by G. B. Parks. 


Life of George Westinghouse, Henry G. 
Prout. Scribner, 1922. 
Immigrant to Inventor, Michael Pupin. 


Scribner, 1923. 


Northward Course of Empire, 
Stefansson. Macmillan, 1924. 


Vilhjalmur 


Autobiography of Lincoln Steffens, Lincoln 
Steffens. Harcourt, Brace, 1931. 


Life and Letters of John Hay, W. R. Thayer. 
2 volumes, Houghton, Mifflin, 1915. 


cannot provide the great wealth of engi- 
neering information housed in the Engineer- 
ing Societies Library, to obtain copies of 
articles or of books that he needs in his 
work. 

By this method is it possible for the ser- 
vice bureau to supply exact copies of printed 
or manuscript data, graphs, charts, maps, 
and illustrations at a minimum cost. 
Pages may be photographed just as they 
appear in the book, or, in the case of small 
print, they may be enlarged for increased 
clarity and ease in reading. 

Photostats are sent either in negative 
(with white print on a black background) 
or in positive form (with black print on a 
white background). However, the cost of 
the positive print is double that of the 
negative print because a negative print 
must be made first. 

Photoprinting, as well as searching, ab- 
stracting, preparation of bibliographies and 
translations, and all other work of the ser- 
vice bureau is done at cost. For further in- 
formation or quotations, write, telephone, or 
telegraph the Engineering Societies Library, 
29 West 39th Street, New York, N. Y. 

(Articles on other services available from 


A Reading List for Junior Engineers 


A LIST of books recommended for reading by junior engineers has been 
prepared by a number of eminent men, many of them distinguished in the engi- 
Previous sections of this list have been published in ELEc- 
TRICAL ENGINEERING for December 1934, page 1667, January 1935, page 133, 
March 1935, page 345, and April 1935, page 456. 
published herewith, and others are scheduled to follow in subsequent issues. 
complete list includes more than 100 titles. 

Systematic reading of worth while books adds breadth and vision to the back- 
ground of an engineer and should be considered a part of the intellectual develop- 
ment designed to fit the young engineer for full professional recognition. 
suggested that over a period of about 4 years a minimum of about 25 of these 
books might be selected and read, with the limiting recommendation that the 
selection made will include at least one book in each classification, preferably in 
accord with the individual engineer’s most vital interests. 


Two additional sections are 
The 


It is 


Fine Arts 


Scope of Music, Percy Buck. Oxford Uni- 
versity Press, 1924. A series of 10 lectures 
on physics of sound, origin and place of music 
as an art, the nature of beauty, melody, form, 
and psychology of music. 


Simple Guide to Pictures and Painting, M. H. 
Bulley. Dutton, 1928. Deals with prin- 
ciples of construction—design, personality, 
craft, tradition and ways in which a painter 
works. Outlines the development of painting 
from Byzantine to modern French. 


Art Through the Ages, Helen Gardner. Har- 
court, Brace, 1926. World survey of history 
of art—architecture, painting, sculpture, and 
the minor arts from earliest times to the 
present. 


Enjoyment of Architecture, T. F. Hamlin. 
Scribner, 1921. Fine explanations for lay- 
men of basic’ principles of architectural de- 
sign and construction, ancient and modern 
structures, with special attention to American 
buildings. 


Theatre, edited by E. J. R. Isaacs. Little, 
Brown, 1927. A collection of 30 essays on the 
art of the theatre. 


Listening to Music, Douglas Moore. W. W. 
Norton, 1932. Analysis, interpretation, and 
appreciation through intelligent listening. 
No previous training in music required. 


the Engineering Societies Library were given 
in ELECTRICAL ENGINEERING for December 
1934, pages 1668-9, January 1935, pages 
130-1, and March 1935, page 341.) 


Physical Society Meetings. The summer 
meeting on the Pacific Coast of the Ameri- 
can Physical Society will be held in affilia- 
tion with the Pacific division of the Ameri- 
can Association for the Advancement of 
Science in Los Angeles, Calif., during the 
week of June 24-28, 1935; it is planned 
to hold one session at California Institute 
of Technology, Pasadena. Another meet- 
ing of the American Physical Society will 
be held in Minneapolis, Minn., June 21-22, 
1935. 


E.E.I. to Meet in Washington. The third 
annual convention of the Edison Electric 
Institute will be held at The Mayflower 
Hotel, Washington, D. C., June 3-6, 1935. 
Subjects to be discussed are: building good 
will, rural electrification, government in 
business, rates, and sales programs. 
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"Scientific Education— 


What Is Wrong With It?” 


A highly informative meeting at which 
many critical and original ideas were ex- 
pressed regarding the education of engineers 
and scientists, was sponsored by the New 
York Electrical Society, Inc., and held 
Wednesday evening, March 27, 1935, in the 
auditorium of the Engineering Societies 
Building, New York, N. Y. This ‘‘Science 
Forum” had for its subject “Scientific Edu- 
cation—-What Is Wrong With It?” 

The speakers who addressed the audience 
were Dr. William. E. Wickenden (A’07, 
M’13) president of Case School of Applied 
Science, Cleveland, Ohio; Dr. Colin G. Fink, 
head of the electrochemistry department of 
Columbia University, New York, N. Y.; 
Dr. Alan Gregg, director of medical sciences 
for the Rockefeller Foundation, New York, 
N. Y.; and Dr. Harry Woodburn Chase, 
chancellor of New York University, New 
York, N. Y. Discussion from the floor was 
led by Gano Dunn (A’99, M’94, F’13, and 
Life Member) president, J. G. White Engi- 
neering Corporation, New York, N. Y., 
and past president of the Institute as well 
as of the New York Electrical Society; 
J. W. Barker (M’26, F’30) dean of engineer- 
ing, Columbia University, New York, 
N.Y.; Dr. Frank L. Babbott, Jr., president, 
Long Island (N. Y.) College of Medicine; 
H. C. Rentschler, director of research, 
Westinghouse Lamp Company, Bloomfield, 
N. J.; Dr. E. E. Free, consulting engineer, 
New York, N. Y.; and Gen. R. I. Rees, 
assistant vice president, American Tele- 
phone and Telegraph Company, New York, 
INGE WE 

Doctor Wickenden’s address, being par- 
ticularly pertinent to the education of elec- 
trical engineers, is presented in full in this 
issue of ELECTRICAL ENGINEERING, pages 
471-3. 

Doctor Fink, in his address, spoke pri- 
marily in terms of high school graduates, and 
complained that natural sciences today 
are in general taught to children in primary 
and secondary schools “in a manner so 
uninteresting that it tends to destroy for 
life an interest in science.’ In urging the 
importance in modern life of an under- 
standing of the basic principles of the funda- 
mental sciences he said “it might be argued 
that not every child needs to be acquainted 
with scientific matters, but such argument 
would hold true only perhaps 50 years ago. 
It certainly does not apply today. Every 
high school graduate today, whether he goes 
to college later or not, should be trained 
in the most essential principles of the 
various sciences, notably biology, chemistry, 
and physics. Today it is just as important 
to be schooled in the sciences as it was for- 
merly to be schooled in the ‘3 R’s.’ A knowl- 
edge of the properties of the gas in the 
kitchen oven, or the gasoline in the auto- 
mobile, or of the composition of the basic 
foods, is more important to high school 
graduates today than is a knowledge of the 
dates of the wars of Napoleon, the ability 
to compose poetry, or to recite Vergil.”’ 
Doctor Fink recommended that science 
should be taught in the high schools more 
through the laboratory and less through 
the library and blackboard; that the best 
teachers available in science should be em- 
ployed in the high schools; and that the 
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ground covered be reduced rather than in- 
creased, so that the basic principles may be 
brought home in such a way as to arouse 
the interest of the child in matters scientific, 
and to encourage the development of such 
interest. 

Doctor Gregg spoke of educational pro- 
cedures in terms of the distinction be- 
tween tactics and strategy, stating his be- 
lief that education at present is too largely 
tactical and that entirely too little attention 
is given to strategy. He defined tactics as 
the ability to use one’s forces to meet condi- 
tions already decided upon, or outlined, and 
strategy as the vital art of choosing the cir- 
cumstances’ under which one’s known 
strength or ability could be developed or 
applied to the best advantage. He de- 
plored overemphasis of systemized routine 
curricula except perhaps as groundwork, 
pleading for a more general realization 
that when a mature student has “‘finished 
the business of giving proof that he is com- 
petent in assigned tasks he should be given 
a wider freedom and a more generalized 
responsibility and experience in choosing 
his own field of work.”’ In this connection 
he criticized particularly such practices as 
the assignment of thesis subjects. With 
particular reference to the pursuit of the 
fundamental research that is essential to 
scientific advancement, Doctor Gregg em- 
phasized the great importance of liberal and 
long-term fellowships that would provide for 
terms of research ranging from 2 to 10 years 
or more according to requirements, instead 
of the present tendency to provide one year 
fellowships which unduly restrict the ex- 
tent of the work that can be carried on. 


Editor Appointed 
by A.S.C.E 


Beginning with the May 1935 issue the 
editorial work for Civil Engineering, 
monthly publication of the American 
Society of Civil Engineers, is in charge of 
P. H. Carlin, an associate member of that 
society. Mr. Carlin succeeds Walter HE. 
Jessup, who, as announced in ELECTRICAL 
ENGINEERING for April 1935, page 455, 
has been appointed field secretary of the 
society. 

To his new work Mr. Carlin brings ex- 
cellent technical training, considerable en- 
gineering experience, and a knowledge of 
society affairs and editorial practice. A 
native of Philadelphia, Pa., he is a graduate 
of the University of Pennsylvania with the 
degrees of bachelor of science in civil 
engineering in 1922, and civil engineer in 
1930, has studied law at Temple Univer- 
sity, and is a registered professional en- 
gineer in Pennsylvania. 

Much of his experience has been with the 
Philadelphia Department of City Transit, 
where he was engaged from 1924 through 
1932 on the design of subways and in writ- 
ing specifications for subways and their 
appurtenances. He has also filled a num- 
ber of shorter engagements in building and 
highway design and construction. Follow- 
ing his work on Philadelphia subways, Mr. 
Carlin was for some time with C. E. Myers, 
consulting engineer, Philadelphia. His lat- 
est engagement before taking up the duties 
of editor of Civil Engineering was with the 


Near the Scene of a Future A.I.E.E. Convention 
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Tus beautiful setting of Paradise Inn at Paradise Valley with Mount Rainier in the 


background towering 14,408 feet above sea level. 


This point is a 2 hour drive from Seattle, 


Pt eee Pacific Coast convention of the Institute will be held August 27-30. Ex- 
ent highways lead from Seattle to this famous playground in Rainier National Park. 
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Pennsylvania State Emergency Relief Board 
as assistant director, Luzerne County Work 
Division, with headquarters at Wilkes- 
Barre. 

He has for some time been active in the 
society’s Philadelphia section, having been 
since 1931 editor of that section’s monthly 
publication, The News, which he has ex- 
panded into an attractive 8 page form. 


“Science Series” Reprint 
Demand Exceeds Supply 


An expression of regret is offered to the 
many Institute members who entered or- 
ders for the “Science Series’? reprint too 
late to be filled. In an effort to guard 
against just such an eventuality, the notices 
published in the November and December 
1934 issues of ELECTRICAL ENGINEERING 
urged all interested members to file ad- 
vance orders not later than January 7, 
~ 1985, the date on which the reprint was 
scheduled to go to press. By that date, 
orders for some 600 copies had been received 
by the editorial department. As a safety 
factor, and in an attempt to anticipate late 
orders, this amount was increased by more 
than 60 per cent, and some 1,022 copies of 
the reprint were issued, after which the type 
was killed in accordance with established 
procedure. 

In addition to the flood of orders that 
came in from members in the United States 
and Canada, orders were received from 
members in 18 foreign countries throughout 
the world. This widespread popular de- 
mand for reprints of the 18 special articles 
that appeared last year in ELECTRICAL 
ENGINEERING in itself constitutes-a fitting 
testimonial of appreciation for the generous 
contributions of the several authors, and 
for the hard work underlying the project 
that was put in by Dean Robert E. Doherty 
of Yale University, during his term as 
chairman of A.I.E.E. committee on educa- 
tion (1932-33), and by those who assisted 
him in organizing and developing the proj- 
ect. Unfortunately, the reprint is out of 
stock, but the articles themselves are still 
available to those members who have kept 
their issues of ELECTRICAL ENGINEERING. 


International Congress for Scientific Man- 
agement. The International Congress for 
Scientific Management will be held in 
London, Eng., July 15-20, 1935. An at- 
tendance of about 2,000 is expected. There 
will be an official reception by the British 
government, and the Court of Common 
Council of the City of London will extend 
to delegates an invitation to an evening 
reception in the Guildhall. Several other 
official social functions are being organized. 


A.S.T.M. to Meet in Detroit. The 38th 
annual meeting of the American Society for 
Testing Materials will be held in the Book- 
Cadillac Hotel, Detroit, Mich., June 24-28, 
1935. An interesting technical program 
covering a large number of subjects has 
been arranged. Also, the society’s third 
exhibit of testing apparatus will be open 
throughout the 5 days of the meeting. 
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Exhibits of leading companies interested in 
testing apparatus and related equipment 
fields, and of several of the society’s com- 
mittees, will be presented. 


Dmoineerind 
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Notes on Activities 
Since January 1, 1935 


Results of the election held by The 
Engineering Foundation at its annual meet- 
ing February 21, 1935, and a summary of 
the annual report of The Engineering 
Foundation for 1934, were presented in 
ELECTRICAL ENGINEERING for April 1935, 
pages 457-9. Supplementing this informa- 
tion, the following brief item on activities 
of Engineering Foundation since January 
1, 1935, may be of interest. As pointed 
out in the previous issue, The Engineering 
Foundation is a department of United 
Engineering Trustees, Inc., joint agency of 
the 4 national societies representing the 
civil, mining and metallurgical, mechanical, 
and electrical engineers, and its present 
preferred activity is research. 

On January 2, 1985, research on the 
plasticity of metal was begun under the 
leadership of Dr. A. Nadai, an international 
authority, in co-operation with the Univer- 
sity of Pittsburgh and a number of in- 
dustrial companies. 

Through provision of a special contribu- 
tion, a research associate engaged in baro- 
dynamic research was added on February 4 
to’ Professor Bucky’s staff at Columbia 
University. Appreciation of members of 
the mining profession in this work has 
been expressed. A clear picture of the ac- 
tion of mine roofs and of the proper place- 
ment of roof supports has been afforded by 
this work. 

“Principles of Phase Diagrams,” the 
fifth book in the series on alloys of iron, 
was issued in March 1935. It explains and 
illustrates the thermodynamic principles 
underlying the behavior of a system of 
metals or other substances under changing 
conditions of temperature, composition, and 
pressure. It isa tool book for metallurgists 
in industry and a textbook for colleges. 

Progress has been made by a planning 
committee toward stating a co-ordinated, 
comprehensive project in welding research, 
arranging a conference of representatives of 
interested organizations and industries, 
and selecting men to be nominated for 
members of the proposed welding research 
committee. Members of the planning com- 
mittee are: F. M. Farmer (A’02, M’12, 
F’'13) chairman, chairman of the A.I.E.E. 
research committee; Dr. D. S. Jacobus 
(A’03) president, American Welding So- 
ciety; and Prof. C. A. Adams (A’94, M’05, 
F’18) director, American Bureau of Weld- 
ing. 

Appointment of a welding research com- 
mittee was authorized, if a plan for co- 
ordinated welding research and nomina- 
tions for members be received from the 


A.L.E.E. and associated organizations. 
Other committee changes included the re- 
appointment of the research procedure 
committee, D. Robert VYarnall, chairman, 
and the iron alloys committtee, George B. 
Waterhouse, chairman. A platform and 
program committee, Otis V. Hovey, chair- 
man, was appointed. The education re- 
search committee, Harvey N. Davis, 
chairman, was discharged, with special 
appreciation for producing the booklet 
“Engineering: A Career—A Culture,” 
and for other valuable services. 

The annual report of The Engineering 
Foundation for 19384 (summarized in the 
April issue of ELECTRICAL ENGINEERING) 
was ordered printed. 


Onericcus 


Engineering Counal 


The Federal 
Work-Relief Bill 


American Engineering Council, as the 
agency of its sponsor societies and allied 
groups, is actively negotiating in Washing- 
ton with regard to the engineers’ part in 
the vast program of the $4,880,000,000 
work-relief bill which gives to the president 
all of the money and most of the power he 
first asked. 

The following excerpts from Council’s 
recent news letter tell some of the story 
regarding this bill: 

To engineers, this measure brings deep 
responsibilities, for without engineering 
technique, such a program could neither 
be planned nor executed. It brings com- 
plex problems of professional status and of 
adjustment to new lines of activity. But 
most of all, the program brings hope to 
thousands of engineers now losing their 
skill in idleness or in makeshift jobs. 

The engineering nature of the program 
becomes evident from the type of projects 
earmarked in the bill. The $4,880,000,000 
represents an appropriation of $4 billion 
plus the. release of approximately $880 
million from past appropriations. The 
latter sum is mainly for continuance of re- 
lief through June 30 and for repayment 
of P.W.A. funds temporarily used for re- 
lief while passage of the bill hung fire. 
Allocation of the $4 billion follows: 


Highways; roads; gradecrossings... $800 million 
Rural rehabilitation and relief in 

stricken areas; water conserva- 

tion; trans-mountain water diver- 

sion; irrigation; reclamation...... 500 million 
Rural electrification............... 100 million 
Housing...... 450 million 


Assistance for educational, profes- 
sional, and clerical persons....... 
Civilian conservation corps......... 
Loans and grants to states, munici- 
palities, etc., not less than 25 per 
cent of each loan or grant for work 
Sanitation; prevention of soil ero- 
sion; prevention of stream pollu- 
tion; sea coast erosion; reforesta- 
tion; flood control? rivers and 
harbors; miscellaneous.......... 


300 million 
600 million 


900 million 


350 million 


PL OCI ssrescors ctctorwiorernrer ......-. $4,000 million 
Not to exceed 20 per cent of the $4 billion 
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may be used to increase any one or more 
of the above items. This listing may be 
somewhat misleading in that it represents 
classes of work rather than functional di- 
visions of the program. Any given item 
may be split between several operating 
agencies of the government. 


Assistant Secretary 
Appointed by A.E.C. 


L. V. Reese, who has been handling 
rural industrial communities in the rural 
rehabilitation program of the Federal 
Emergency Relief Administration resigned 
April 1, 1935 to become assistant secretary 
of the American Engineering Council in 
Washington, D.C. He has also served the 
F.E.R.A. as executive secretary of the 
District of Columbia Rehabilitation Cor- 
poration and as planning engineer for the 
Texas Relief Commission. 

In his new position, Mr. Reese will assist 
the executive secretary, Frederick M. 
Feiker, in carrying out the enlarged pro- 
gram of the American Engineering Council 
voted at its recent annual meeting as a 
service agency for relating the organized 
engineering professions to national affairs 
in the public interest. 

He will serve also as a liaison officer be- 
tween the federal agencies and organized 
national, state, and local professional en- 
gineering societies, by which 222 localities 
are co-ordinated. 

His assistance will be available both to 
government agencies and to the member 


L. V. Reese 


organizations of A.E.C., to make effective 
the engineers’ contribution in planning and 
executing the $4,880,000,000 work-relief 
program, almost every phase of which is an 
engineering job. 

Mr. Reese, who is 43, was educated in 
civil engineering at the University of 
Texas, and in mechanical, metallurgical, 
and industrial engineering at Columbia and 
New York Universities. His experience in 
engineering and executive capacities has 
been extensive. Prior to his service with 
federal agencies, he was engaged in the 
industrial, public utility, and construction 
fields. He was assistant to the president 
and manager of the research division of the 
American Laundry Machinery Company, 
vice president and general manager of the 
Erie City Iron Works and chief engineering 
executive of the American Metal Company 
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and the United States Metals Refining 
Company. During the War, he was as- 
sistant supervising constructing quarter- 
master on cantonment work for the U.S. 
Army. For several years before the War, 
he managed his own engineering business, 
doing civil and industrial engineering and 
the construction of industrial plants, public 
buildings, and utilities. Along with his 
other experience, Mr. Reese has kept 
himself up to date on agricultural life 
through the side-line operation of farms and 
ranches. 


Other Activities 
of A.E.C. 


Other items taken from American En- 
gineering Council’s recent news letter re- 
flecting activities of Council follow: 

The new plan of organization for Council’s 
regular and standing committees for 1935 


has been completed. The report, which 
outlines the functions of each committee 
and lists the personnel, is available upon 
request. It is being mailed to member 
organizations and to committee members. 

Council membership is gaining under the 
new plan of nominal dues for state and local 
societies, and several such societies have 
made definite application for membership 
within the last month. 

The patent committee of A.E.C. has de- 
clared a general opposition to the Sirovich 
bill for regulation of patent pools and agree- 
ments. 

Rural electrification plans were advanced 
by a delegation from the American Society 
of Agricultural Engineers, in Washington 
recently. The group headed by Dr. Glen 
W. McCuen, president of the A.S.A.E., 
called upon Doctor Tugwell and other 
prominent officials who will be influential 
in the rural work. They offered the ser- 
vices of A.S.A.E. to help the program in a 
constructive way. 


| Best ee to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or 
other subjects of some general interest and pro- 
fessional importance. ELECTRICAL ENGINEERING 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them 
in whole or in part, or to reject them entirely. 


STATEMENTS in these letters are expressly un- 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recog- 
nition by the American Institute of Electrical 
Engineers. 


Measurement of Quadrature 
Axis Synchronous Reactance 


To the Editor: 


The following simple test for experi- 
mentally determining the quadrature axis 
synchronous reactance of a salient pole 
synchronous machine may be of interest to 
your readers. It can be applied in cases 
where the well-known slip test cannot be 
performed satisfactorily—for example, in 
testing a synchronous machine which is not 
coupled to a prime mover by means of which 
the slip can be adjusted to a small value. 
In such cases, if it is attempted to perform 
the slip test by operating the synchronous 
machine as an induction motor, it will fre- 
quently be found that it is impossible to 
operate at a small slip without having the 
machine pull into synchronism and run as a 
reluctance motor. 

Operate the machine at no load as a 
reluctance motor, the power supply being 
from a generator whose voltage can be 
varied and which is sufficiently large com- 
pared with the machine being tested so that 
the power source can be considered as an 
infinite bus. Gradually reduce the terminal 
voltage until the machine falls out of step, 
observing as carefully as possible the no-load 
power input and terminal voltage at which 


loss of synchronism occurs. From these 
readings, the quadrature axis synchronous 
reactance can be calculated as follows: 

As is well known, the power input P toa 
salient pole synchronous'motor of negligible ~ 
resistance operating from an infinite bus 
can be expressed as 


EV. V%2xg — x4) 

P = —sind + —~—*—+ gin265 (1) 
Xa 2x Xq 

where 

E = excitation voltage 

V = terminal voltage 


xq = direct axis synchronous reactance 


X%q = quadrature axis synchronous reactance 
6 = load angle of the machine (angle between E 
and V) 
If operated as a reluctance motor, E = 0, 
and hence 
V%(x4 Te ) 
P = ——*— sin 25 (2) 
2K ag 


If the machine is operated at no load and 
reduced voltage, P is practically equal to 
the friction and windage loss. As V is 
reduced, as in the test described above, 6 will 
increase until pull-out as a reluctance motor 
occurs when 
7 2, Ss 
Bis UA Kae ag) (3) 
2X Xq 
The values of P and V at pull-out can be 
determined as in the above test. The direct 
axis synchronous reactance x, can be deter- 


mined by well-known methods. Hence x, 
is the only unknown in equation 3. There- 
fore from equation 3 

os V2xq a 
“V2 + 2Px, (4) 


Pull-out will usually occur at a terminal 
voltage of approximately 0.25 per unit (25 
per cent). Hence the magnetic circuit of 
the machine will not be saturated. The 
unsaturated value of x, should be used in 
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equation 4 and the value of x, obtained will 
be the unsaturated value. 

If the resistance 7 of the machine is ap- 
proximately taken into account, it can be 
shown that 


V%xe+ 2 1) 5 
V24+ 2Pxq4 >) 
There are several possible modifications 


of the above simple test. For example, 
from equation 2 


id Vx sin 2 6 
~ V4sin 26 + 2Px, cS) 


If resistance is approximately taken into 


XxX = 


Xq 


- account, it can be shown that 


e V*(xasin 26 +2r) 7 
“a =~ 4 sin26 + 2Px, A 


If a stroboscope or other means of measuring 
the load angle is available, any simultaneous 
readings of P, V, and 6 taken with the 
machine operating as a reluctance motor can 
be substituted in equations 6 or 7 and the 
corresponding value of x, obtained. 


Very truly yours, 


CHARLES KINGSLEY, JR. (A’30) 
(Instructor, Mass. Institute of 
Technology, Cambridge) 


The Engineer's Influence 
on Public Opinion 


To the Editor: 


Allow me to make somewhat of an an- 
swer to a question in B. D. Willis’ ‘Letter 
to the Editor’ on ‘‘New Use for Overpro- 
duced Products.”’ (See ELecrricaL ENGI- 
NEERING, January 1935, page 136.) 

Referring to the symposium talks of Dr. 
Virgil Jordan and Col. W. T. Chevalier, 
(ELECTRICAL ENGINEERING, November 
1934, pages 1546-51), and to the fact that 
the national administration has complained 
of criticism without accompanying helpful 
suggestions, Mr. Willis does then make 
several common-sense and constructive 
plans. He finally asked, ‘‘Why is it not 
practical to discover the full value of our 
surplus stocks and consume them?” 

One reason “why not”? can be handled 
rather summarily. Politics (the U. S. A. 
sort) could regard such a program with in- 
difference only. Not only are the necessary 
steps dispassionate and impersonal; worse, 
they do not lend themselves to indiscrimi- 
nate placement of faithful party workers. 

Another reason, having a philosophical 
tinge, leads a bit farther afield. Mr. Willis’ 
suggestions have no “‘success’”’ appeal. 
They are not spectacular, but common- 
sense. Actually, they are scientific. And, 
the attitude of the layman toward science is 
one of “uncritical credulity,’ yielded only 
on account of the successes of science. 
“Owing to its success, the scientific method 
has obtained immense prestige in the eyes 
of the layman. In spite of its prestige, 
however, the scientific method still remains 
very unpopular. The patient accumula- 
tion of all relevant evidence, the cautious 
framing of hypotheses, and the careful 
verification of them are almost unknown in 
ordinary human pursuits—such as politics, 
for example. And any attempt to apply 
such methods is strongly resented.’”—from 
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“Science and the Layman,” by J. W. N. 
Sullivan, Atlantic Monthly, September 1934. 

Please note: ‘‘owing to its success. . .” 
Colonel Chevalier also spoke of the prestige 
gathered by sttccess—the success of the 
American system that got along fine for 150 
years. But, having a scientific viewpoint, 
he had to give opportunism its deserts: 
“We have been able to make the old specu- 
lative thing work becattse every time we 
cleaned out one bunch of suckers there was 
a new place for them to go and dig up some 
more for the wise ones to take away from 
then on the next turn-over.”’ 

Thus it is we come a bit closer to funda- 
mentals. 

Everitt Dean Martin claims most people 
look on “‘liberty’”’ as freedom to get rich. 


It was Henry Ward Beecher who urged: 


people to get rich as a most worthy human 
endeavor. But it was a Roman emperor, 
we are told, who put it more succinctly: 
“pecunia non olet.” 

What Colonel Chevalier dubs ‘‘the old 
speculative thing,’”’ is a vital component of 
the stimuli of public opinion. Human men- 
tal activity is largely wishful thinking, along 
the lines of personal vindication and ag- 
grandisement. Its intellectual level is 
about that of the Alger books. Having 
had a frontier and prodigious reserves of 
natural resources, ergo and of necessity, it 
must yet be so. People, in the mass, seem 
unable to grasp the fact of there having to 
be more victims than racketeers, more 
betters than bookmakers, more lambs than 
either bulls or bears. They believe, im- 
plicitly, that “Every man a King”’ is 
perfectly possible. 

Human nature, being what it is, has al- 
ways believed, and still does, that “deals” 
are a more practical, a sounder, a more 
sensible basis of action than ideals. The 
leaders of the early United States—some- 
times known as ‘“‘the funding fathers’’—sub- 
scribed pretty generally to this creed. The 
Credit Mobilier episodes of Grant’s admin- 
istration demonstrated it to be a lively prin- 
ciple 100 years later. The Teapot Dome 
activities of Harding’s day showed it but 
waiting an opportunity to express itself 
again. 

In brief, I have but tediously piled Ossa 
upon Pelion to indicate that public opinion 
and political expediency are instinctively 
against such common-sense proposals as 
are outlined by Mr. Willis. 

Then, what to do? Some change must 
be accomplished in public opinion, if not 
in human nature. But how to accomplish 
it? 

Manifestly, it will have to come through 
those the public accepts as mentors. On 
this principle, one suggestion I have seen 
is that newspapers, in reporting anti-social 
occurrences, refrain from adjectives and 
style that lend “glamour” to the events and 


participants. To do, rather, significant 
journalism, than to write sensational clap- 
trap. 


Another scheme is based on the motives 
which determine buying habits. Study has 
shown the character traits most useful in 
promoting large-scale purchasing are snob- 
bishness, desires for adequacy, desires for 
vicarious romance, etc. Some overhauling 
to advertising methods would therefore 
seem helpful. Especially so, if the empha- 
sis of appeal be shifted away from the more 
paltry emotions. 


It can thus be deduced that engineers, in 
any scientific capacity, have no great op- 
portunities here, no more than have medical 
men. Of the several professions, each act- 
ing in its professional capacity, clerics and 
legal persons would be of greatest aid. 
About all engineers can do is to convince 
themselves of the inapplicability of reason 
and scientific method to an emotional public 
sentiment. Then, as ordinary citizens, exert 
persuasion or pressure on those having in- 
fluence to change their philosophy. 

When, and if, the influential act on prin- 
ciple rather than in accord with policy 
toward constituents, congregations, clients 
—i.e., toward the “‘public’’ in any of its 
private and organizational manifestations— 
then, after a time, the methods of science 
may become applicable. 


Very truly yours, 


J. ANDREW Doucvas (A’18, M’29) 
(Fairhope, Ala.) 


Constant-Current 
A-C Transmission 


To the Editor: 


The presentation before the A.I.E.E. 1935 
winter convention of the paper on “Constant 
Current D-C Transmission” by Willis 
Bedford and Elder (see ELECTRICAL ENGI- 
NEERING for Jan. 1935, pages 102-8) has in- 
troduced a most significant factor into the 
discussion of extra long distance transmis- 
sion. It further has prompted the writer 
to here call the attention of the members of 
the Institute to the favorable possibilities 
of the use of constant alternating current 
in important transmission, a subject stud- 
ied carefully by him some years ago. 

This introduction of the constant current 
feature into the long distance d-c transmis- 
sion system, adds a number of new and 
fundamental factors vitally affecting costs, 
efficiencies, and operability—sometimes fa- 
vorably, sometimes not so favorably. The 
unique and to most engineers unfamiliar 
behavior of the current-potential conversion 
unit, in which equalized reactors and capaci- 
tors are similarly connected, so as to be in 
series in one circuit and in parallel in an- 
other, causes a profound modification of 
the natural performance of the system. 

As appears in the paper, the characteris- 
tics of these conversion units depend upon 
the correspondence of the current in one 
circuit with the voltage in the other. 

If equalized reactors and capacitors be 
connected in series across the primaries of 
the step up transformers of a typical existing 
3-phase transmission system and the 8 con- 
stant-potential supply phases be applied 
between the mid points of these windings 
and the junction points between the reactors 
and the capacitors (see figure 1), a constant 
current will flow in the secondaries of the 
transformers and into the line. If similar 
and similarly connected reactors and capaci- 
tors be introduced in circuit with the second- 
ary windings of the step down transformers, 
whose primaries are supplied with constant 
current, 3-phase constant-potentials will be 
produced between the mid points of the 
secondary windings and the junction points 
between the reactors and the capacitors, 
these being available for supplying the local 
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load. The connections, applicable to either 
end, are shown in the figure. 

In this system, with the ideal circuit, free 
of all losses, the line current bears a definite 
ratio to the constant supply and delivery 
potentials, a ratio equal to the value of the 
equalized reactances or capacitances, and 
the potentials of the line bears the inverse 
ratio to the currents in the load and the 
generator, the current in the one circuit 
and the voltage in the other retaining a con- 
stant phase relation. 

In such a system the generation of power 
is normal constant potential, the line trans- 
mission is constant current, and the deliv- 
ery at the receiving end is normal constant- 
potential. In the ideal circuit no limita- 
tions to operation or load control are so 
introduced. The system as a whole, how- 
ever, has certain striking inherent charac- 
teristics which may be briefly pointed out as 
follows: 

1. Incase of an overload on the receiv- 
ing circuit an increase in potential in the 
line results, with the corresponding increase 
of line load transmitting capacity, this in- 
crease strengthening the tendency to hold 
synchronism. This behavior is in contrast 
to that of the constant potential line, in 
which an increase in load tends to drop the 
potential on the line and reduce its capacity 
and produce instability. 

In favorable cases the adoption of this 
system will greatly increase the dependable 
capacity of existing lines. Provision must 
be made against too high a rise of line poten- 
tial in the case of heavy overloads. There 
are several methods of accomplishing this 
result. 

2. The lagging component of the load in 
the receiving circuit, as pointed out in the 
paper, becomes a leading component in the 
constant current line circuit giving more 
favorable line conditions. That is, the 
line instead of carrying a lagging current, 
has a leading current. The importance of 
this change from lagging to leading in its 
effect on the ability of the line to carry 
heavy loads is exceedingly important, as 
will be seen by comparing the line perform- 
ance at 90 per cent or 95 per cent lagging load 
with that at 90 per cent or 95 per cent lead- 
ing. The net result isa very great gain in the 
maximum stable load of a line. In this 
case the reactance of the line is operating to 
increase the line load capacity—and to this 
extent gives advantage over d-c transmis- 
sion, in that the natural ohmic drop may 
thus be overcome in favorable designs. 

On the other hand any variation of cur- 
rent strength along the line will tend to dis- 
turb the constancy of the potential at the 
receiving network, the line current being 
held automatically constant at the sending 
end. Some benefit may be secured in con- 
trolling the effect of such variation by syn- 
chronous condensers controlling the power 
factor at the receiving end and this may be 
made automatic. These matters become 
very complicated in considering the detail in 
any particularcase. It should be noted that 
out-of-phase current components existing 
in the constant current line change sign in 
the constant potential generator circuit, but 
little importance attaches to this. 

3. With the constant line current set up, 
the maximum energy to be handled by hizh 
voltage circuit breakers, when due to trouble 
on the high voltage circuits, is greatly re- 
duced, and lower cost, quicker acting units 
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a,b,c — PHASES OF CONSTANT 
POTENTIAL SUPPLY 


~to— REACTOR —|- CAPACITOR 
Fig. 1. Current-potential conversion unit 


may be used. This is a matter of no small 
moment. 

From another point of view it may be 
urged that no circuit breakers would be 
needed on the constant current circuit as 
such a current should not be interrupted. 
This is a matter to be considered in the light 
of circumstance existing in particular cases. 

Further, the current interrupting duty 
on the lightning arresters is greatly reduced 
and either lower priced or more complete 
protection may be secured asaresult. This 
feature may be compared to the ease of 
current interruption of ground faults in the 
constant current d-c line with the inverter 
operating in the reverse direction, as de- 
scribed in the paper. 

Obviously a new system of relays is re- 
quired. 

4. The use of a constant line current 
means a constant line energy loss, equal to 


the full load loss, even at very light loads. 
While this may be unimportant for base 
load service, it would be prohibitive for 
emergency service. However, it is entirely 
possible to reduce this loss greatly in a poly- 
phase transmission by using a lesser value 
of line current for the lighter loads, this call- 
ing for higher line potential for that condi- 
tion. The change from one line current to 
the other may be made in a few minutes by 
making the change, leg by leg. The single 
line wire may be cut off at both ends—the 
phase transformers then de-energized and 
the low voltage taps changed and the load 
then resumed in that leg. 

While the line resistance loss tends to re- 
main constant as the load drops, the line 


_voltage falls almost in the same proportion 


and the transformer core losses drop as well. 

Since the maximum voltage exists only 
during a very small fraction of the year— 
when the maximum load occurs—it will be 
permissible to establish a materially higher 
value for the voltage than would be per- 
missible in the normal constant potential 
system, no doubt at least 10 per cent higher. 
This means a valuable gain in capacity. 

Many other important and interesting 
features might be considered, but space will 
not permit. 

Any of the well known alternative forms 
of current-potential conversion units may 
be used in place of that shown here. In 
conclusion, it remains to emphasize the very 
great gain in capacity and stability offered 
by the constant current a-c transmission. 


Very truly yours, 


Percy H. Tuomas (A’00, F’12) 
(Federal Power Commission, 
Washington, D. C.) 


Personal | Pare 


ELrau THomson (A’84, M’91, F’18, 
HM’28, past-president, and member for life) 
consulting engineer, General Electric Com- 
pany, and director, Thomson Research 
Laboratory, Lynn, Mass., was awarded the 
medal of honor of the Verein Deutscher In- 
genieure on the occasion of his eighty- 
second birthday in March 1935. The so- 
ciety which presents this outstanding award 
of the German engineering profession is the 
oldest and largest of engineering societies in 
the world, and the award has previously 
been conferred upon only 5 non-Germans, 
only one of whom, the late C. W. Rice (A’97, 
M’97, F’12) was an American. The cita- 
tion read, ‘‘On Elihu Thomson, the great 
pioneer in the realm of engineering, the in- 
ventor and research scientist, the promoter 
of co-operation among engineers, there is 
conferred, on the anniversary of his eighty- 
second birthday, the V.D.I. medal of 
honor.” Doctor Thomson was confined to 
his home by ill health, and the medal was 
accepted on his behalf by E. W. Rick, Jr. 
(A’87, M’88, F’13, HM’33, past-president, 
and member for life). Many honors and 
awards for his achievements have previously 
been bestowed upon Doctor Thomson, who 
was one of the founders of the General 


Electric Company and holds more than 700 
United States patents. He was a vice 
president of the Institute 1887-89, and 
president 1889-90, later serving as a mem- 
ber of the Edison medal committee, 1910-15, 
and as representative on the United States 
National Committee of the International 
Electrotechnical Commission, 1914-30. 


D. C. Jackson. (A’87, M’90, F’12, past 
president and member for life) head of the 
department of electrical engineering, Massa- 
chusetts Institute of Technology, Cam- 
bridge, since 1907, will retire in June 1935. 
He was born at Kennett Square, Pa., and 
received the degree of civil engineer from 
Pennsylvania State College in 1885, subse- 
quently taking 2 years of postgraduate 
study in electrical engineering at Cornell 
University. From then until 1889 he was 
vice president and engineer for the Western 
Engineering Company, Lincoln, Neb., en- 
gaged in the design and construction of 
electric light and power plants and distri- 
bution systems in that region. During 
1889 and 1890 he was assistant chief engi- 
neer with the Sprague Electric Railway and 
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Motor Company, New York, N. Y., and the 
following year was chief engineer for the 
Edison General Electric Company, super- 
vising in these positions the design and con- 
struction of many electric railway and power 
plants. The following year he formed a 
consulting engineering firm with W. B. 
Jackson (A’97, M’98, F’13, and Life Mem- 
ber) and also became professor of electrical 
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engineering at the University of Wisconsin. 
In 1907 he became professor and head of the 
department of electrical engineering at 
Massachusetts Institute of Technology. A 
partnership with E. L. Moreland (A’11, 
M’15, F’21) was formed in 1919, of which 
Professor Jackson was senior partner until 
1930. The firm was particularly active in 
the field of railway electrification. Pro- 
fessor Jackson is at present Institute repre- 
sentative on the National Research Council 
and a member of the Institute’s committees 
on standards, Institute policy, and legisla- 
tion affecting the engineering profession, and 
has served on many others. He was a vice 
president of the Institute 1897-99 and presi- 
dent 1910-11. Among the honors which he 
has received is the Lamme medal of the So- 
ciety for the Promotion of Engineering Edu- 
cation, of which he is a past-president. Pro- 
fessor Jackson is a member of a number of 
other technical societies in this and other 
countries, and is the inventor of a number 
of electrical devices as well as author of 
many papers and books on engineering sub- 
jects and engineering education. 


E. L. Morevanp (A’1l, M’15, F’21) 
senior partner of the firm of Jackson and 
Moreland, consulting engineers, Boston, 
Mass., has been appointed head of-the de- 
partment of electrical engineering of Massa- 
chusetts Institute of Technology, Cam- 
bridge, to succeed D. C. Jackson (A’87, 
M’90, F’12, past-president, and member 
for life) who retires in June 1935. Mr. 
Moreland will also continue his affiliation 
with the engineering firm. He was born 
at Lexington, Va., and received the degree 
of bachelor of arts from The Johns Hopkins 
University in 1905. He then entered’ Massa- 
chusetts Institute of Technology, and 
graduated in 1908 with the degree of master 
of science. In this year he entered the em- 
ploy of D. C. Jackson and W. B. Jackson 
(A’97, M’98, F’18, and Life Member), con- 
sulting engineers, as an assistant in their 
Boston office. In 1912 he was appointed 
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manager of the office, and in 1916 became 
a partner. After overseas military service, 
Mr. Moreland formed the partnership with 
D. C. Jackson in 1919. The latter retired 
from the partnership in 1930. The firm 
has been engaged on many important engi- 
neering projects, including the electrifica- 
tion of the Great Northern Railway through 
the Cascades and the electrification of the 
Lackawanna Railroad. Many engineering 
studies for public utility companies have 
been made, including a study of electrical 
characteristics of transmission lines and 
generating stations for the Tennessee Valley 
Authority. Other projects on the develop- 


ment of power which have been studied have .. 


been in the petroleum industry and in con- 
nection with the proposed Passamaquoddy 
tidal power project in northern Maine. Mr. 
Moreland has been active in civic affairs and 
in the Technology Alumni Association, of 
which he becomes president this year, and 
now holds the rank of lieutenant colonel in 
the engineers, Officers Reserve Corps. In 
the Institute Mr. Moreland has presented 
several papers and has served on the elec- 
trical machinery and power generation com- 
mittees, 1929-31; technical program com- 
mittee, 1931-34; and Institute policy, 1933- 
34. He is now chairman of the standards 
committee, of which he has been a member 
since 1932, a member of the transportation 
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committee, of which he was chairman 1931—— 


34, and Institute representative on the 
standards council of the American Stand- 
ards Association. Among the organizations 
of which Mr. Moreland is a member are 
The American Society of Mechanical engi- 


neers, the American Society of Civil Engi- © 


neers, the American Academy of Arts and 
Sciences, and the Boston Society of Civil 
Engineers. 


J. J. Torox (A’27) former development 
engineer, Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa., 
has joined the research and development 
department of the Corning Glass Works, 
Corning, N. Y., where he will be concerned 
principally with insulators and allied prod- 
ucts. Mr. Torok was born at Philadelphia, 
Pa., in 1903, and received the degrees of 
bachelor of science in mechanical engineer- 
ing and electrical engineer from Pennsyl- 
vania State College in 1925 and 1928, re- 
spectively. In 1925 he entered the training 
course of the Westinghouse Electric and 


Manufacturing Company, and the following 
year was transferred to the high voltage 
laboratory in charge of impulse testing. 
In 1929 Mr. Torok developed a new type 
of lightning arrester now widely applied for 
transmission line protection. In 1933 he 
was transferred to the transformer engineer- 
ing department in charge of special prob- 
lems, and the next year he was transferred 
to the circuit breaker division in charge of 
lightning arrester development. Mr. Torok 
has written a score of articles and papers, 
some of which have been presented before 
the Institute. 


J. T. Barron (A’07, M’20, F’27) who since 
1926 has been general manager of the elec- 
tric department of the Public Service Gas 
and Electric Company, Newark, N. J., has 
been named vice president in charge of elec- 
tric operation. Mr. Barren graduated from 
the University of South Carolina in 1905, 
and after 2 years in the testing department 
of the General Electric Company at Schen- 
ectady, N. Y., entered the testing labora- 
tory of the Public Service company at 
Newark. Shortly afterward he was as- 
signed to the construction department, and 
in 1908 was made chief operator of substa- 
tions and generating stations in the central 
division. In 1910 he became superinten- 
dent of this division, and in 1919 general 
superintendent of production, which title 
later was changed to general superintendent 
of generation. He was a member of the 
Institute’s power stations (now power gen- 
eration) committee 1919-24, and of the 
board of examiners 1929-30. 


Marion PENN (M’21) who has been gen- 
eral superintendent of generation, Public 
Service Gas and Electric Company, Newark, 
N. J., has been appointed general manager. 
Mr. Penn is a graduate of Purdue Univer- 
sity, class of 1911. He came to the Public 
Service Company from the General Electric 
Company at Schenectady, N. Y., in 1914, 
assuming the position of assistant division 
superintendent in the central division. 
During the war he was overseas, and shortly 
after his return became plant engineer at 
Newark in 1919. Following periods as chief 
engineer at various stations, Mr. Penn was 
promoted to general superintendent of gen- 
eration in 1926. During the year 1927-28 he 
served as a member of the Institute’s power 
generation committee. 


C. S. McDowEL vt (A’18, M’14, F’18, and 
past vice president) captain, U.S. Navy, 
and naval inspector of machinery, Camden, 
N. J., is now at the astrophysical observa- 
tory of California Institute of Technology, 
Pasadena, as supervising engineer for the 
construction of the 200 inch telescope there. 
Captain McDowell is a graduate of the 
U.S. Naval Academy, class of 1904, and has 
made various contributions to technical 
literature. He has been a member of the 
Institute’s standards committee, the meet- 
ings and papers (now technical program) 
committee, the marine (now applications to 
marine work) committee, of which he served 
as chairman, and was a representative on 
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the U.S. National Committee of the Inter- 
national Electrotechnical Commission 1922-— 
23. During 1920-21 he was a vice presi- 
dent of the Institute. 


F. B. Jewetr (A’03, M’10, F’12, and 
past-president) vice president of the Ameri- 
can Telephone and Telegraph Company, 
and president of the Bell Telephone Labora- 
tories, Inc., New York, N. Y., has accepted 
the position of national chairman of a cam- 
paign to raise a working capital fund of 
$161,000 for Engineering Index, Inc. The 
national committee, not as yet been com- 
pletely enrolled, will endeavor to enlist the 
support of industry for the index and an- 
notating service, discontinued a year ago 
as an activity of The American Society of 
Mechanical Engineers. 


G. L. Knicur (A711, M’11, F’17) vice 
president, Brooklyn Edison Company, Inc., 
Brooklyn, N. Y., has been appointed chair- 
man of the finance committee of United 
Engineering Trustees, Inc. Mr. Knight, 
who has served on a number of Institute 
committees and is now Institute represen- 
tative of the board of United Engineering 
Trustees, Inc., was recently re-elected first 
vice president of United Engineering Trus- 
tees, Inc., as announced in ELECTRICAL EN- 
GINEERING for April 1935. 


E. F. Smiru (A’07, F’21) superintendent 
of substations, Commonwealth Edison 
Company, Chicago, Ill., retired in March 
1935 after 41 years of service. He was a 
pioneer in operating procedure and safety 
practice in electrical substation work, with 
which he became identified early in his 
career when the substation system of dis- 
tribution was adopted in Chicago. Mr. 
Smith served on many technical committees 
of the company and of the societies of which 
he is a member, and contributed a number 
of articles to the technical press. 


H.R. Wooprow (A’12, F’23, and director) 
vice president in charge of electrical opera- 
tions, Brooklyn Edison Company, Brooklyn, 
N. Y., has been appointed chairman of the 
real estate committee of United Engineering 
Trustees, Inc. Mr. Woodrow has served 
on a number of Institute committees, and is 
at present a member of the committees on 
publication, Edison medal, and economic 
status of the engineer, as well as Institute 
representative on the board of United En- 
gineering Trustees, Inc. 


H. P. CHARLESWORTH (M’22, F’28, and 
junior past-president) assistant chief en- 
gineer, American Telephone and Telegraph 
Company, New York, N. Y., has been ap- 
pointed a member of the Engineering Foun- 
dation committee on platform and general 
program. Mr. Charlesworth was re-elected 
recently as chairman of the board of Engi- 
neering Foundation as announced in ELrec- 
TRICAL ENGINEERING for April 1935. 


H. L. Hazen (A’26) assistant professor 
of electrical engineering, Massachusetts In- 
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stitute of Technology, Cambridge, has been 
awarded the Levy gold medal of the Frank- 
lin Institute, which is given for outstanding 
technical papers appearing in the journal 
of the institute. The award was made to 
Professor Hazen ‘for 2 articles on the 
theory and design of servomechanisms, or 
devices for controlling the action of other 
machines,” 


WALTER BRESLAUER (A’30) formerly 
public utility security analyst, Central 
Hanover Bank and Trust Company, New 
York, N. Y., is now an examiner for the 
Securities and Exchange Commission, 
Washington, D. C. Mr. Breslauer is a 
graduate of the University of Heidelberg 
and of the Technical College of Munich, 
and has contributed a number of articles on 
European utilities and electric transporta- 
tion to publications. 


A. G. BrrjavsKy (M’33) professor of 
electrical engineering at North-Caucas In- 
stitute of Energetics, Novocherkassk, 
U.S.S.R., recently was honored by his insti- 
tution with a degree of doctor of technical 
sciences in recognition of his quarter cen- 
tury of faculty service and for his scientific 
and research work which has been princi- 
pally in the field of a-c rectification. 


J. W. Owens (A’10, M’20, F’27) former 
director, National Weld Testing Bureau, 
Pittsburgh, Pa., has accepted a position as 
director of welding with Fairbanks Morse 
and Company, Beloit, Wis. Mr. Owens 
was a member of the electric welding com- 
mittee of the Institute 1927-31. 


M. O. Evans (A’32) who was chief elec- 
trician and master mechanic with the Pow- 
hatan Mining Company, Powhatan Point, 
Ohio, has recently taken a position as elec- 
trical engineer with the Republic Steel 
Corporation, and is located at Uniontown, 
Pan 


V. R. Tare (A’28) formerly an electrical 
engineer in the patent department of the 
Minneapolis-Honeywell Regulator Com- 
pany, Minneapolis, Minn., is now in charge 
of the patent department of Perfex Radia- 
tor Company and Perfex Controls Com- 
pany, Milwaukee, Wis. 


E. W. Grover (M’29) former assistant 
superintendent of substations, Common- 
wealth Edison Company, Chicago, IIl., has 
been appointed superintendent of substa- 
tions to succeed E. F. Smith (A’07, F’21) 
who has retired. 


R. U. Muretey (M’23) commercial mana- 
ger, central district, Puget Sound Power and 
Light Company, Seattle, Wash., who re- 
cently became president of the Sales Mana- 
gers Club in Seattle, has been elected to the 
board of trustees of the Seattle Chamber of 
Commerce. 


W. J. Berry (A’31) former manager at 
Ashland, Kan., for the Western Telephone 
Corporation of Kansas has been trans- 
ferred to Watonga, Okla., where he is mana- 


ger of the Watonga, Canton, Seiling, Fay, 
and Greenfield exchanges of The Western 
Telephone Corporation of Oklahoma. 


Epwarp Lipson (A’22) consulting and 
research engineer of Chelsea, Mass., is now 
research consultant for a laboratory main- 
tained by a group of companies at Houston, 
Texas. Mr. Lipson has invented and 
patented various electrical, radio, and geo- 
physical apparatus. 


SAMUEL FERGUSON (A’02) recently elected 
chairman of the board of directors of the 
Hartford Electric Light Company, Hart- 
ford, Conn., has been elected a member of 
the board of directors of the Arrow-Hart 
and Hegeman Electric Company. 


H. J. Gitie (A’01, M’13) manager, agri- 
cultural and industrial development, Puget 
Sound Light and Power Company, Seattle, 
Wash., was named president of the West | 
Coast Mineral Association at its recent an- 
nual meeting in Seattle. 


G. H. GILpeRSLEEVE (A’22) formerly 
district manager at the I-T-E Circuit 
Breaker Company at Cleveland, Ohio, is 
now connected with the Minneapolis- 
Honeywell Regulator Company with offices 
in New York, N. Y. 


P. H. Trickery (A’30) who has been a de- 
sign engineer with the Westinghouse Elec- 
tric and Manufacturing Company, Spring- 
field, Mass., is now a design engineer with — 
the Diehl Manufacturing Company, Eliza- 
bethport, N. J. 


C. H. Leatuam (A’33) who has been sales 
research manager with the West Penn 
Power Company, Pittsburgh, Pa., is now 
with the Monongahela West Penn Public 
Service Company, Fairmount, W. Va. 


O. L. Riecs (A’21, M’29) formerly as- 
sistant superintendent, has become super- 
intendent of distribution in the electric de- 
partment of the Lynn Gas and Electric 
Company, Lynn, Mass. 


C. F. OsBorn (A’24, M’31) formerly an 
electrical engineer with the Ralston Purina 
Company, St. Louis, Mo., is now with the 
Chandeysson Electric Company in St. 
Louis. 


H. C. Fiske (A’24) former assistant chief 
engineer of the Jas. R. Kearney Corpora- 
tion, St. Louis, Mo., is now with J. E, Sump- 
ter Company, district consulting engineers, 
Minneapolis, Minn. 


W. S. Barstow (A’94, M’99, F’12, and 
Life Member) retired, Barstow, Tyng and 
Company, Inc., New York, N. Y., was re- 
elected president of the Edison Pioneers ata 
recent meeting in New York. 


F. L. FULLER (A’33) who has been an in- 
structor at Stevens Institute of Technology, 
Hoboken, N. J., is now employed by the 
Western Electric Company at Kearny, 
Nee 
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A. B. NEWELL (A’25) of Kirkwood, Mo., 
recently accepted a position as an assistant 
engineer with the Public Service Commis- 


sion of Missouri, with headquarters at 


Jefferson City. 


- 


C. A. MuLLEN (A’20, M’20) superintend- 
ent of southern division, Jersey Central 
Power and Light Company, who was for- 
merly at Asbury Park, N. J., is now at Mor- 
ristown. 


STEFAAN PreK (A’06) executive vice 
president, Syracuse Lighting Company, 
Inc., Syracuse, N. Y., has been elected a 
. director of the Niagara Hudson Power 
Corporation. 


Wi.uraM KE ity (F’25) president, Buffalo, 
Niagara, and Eastern Power Corporation, 
Buffalo, N. Y., has been elected a director 
of the Niagara Hudson Power Corporation. 


Orro SNYDER (M’25) president, New 
York Power and Light Corporation, Al- 
bany, N. Y., has been elected a director of 
the Niagara Hudson Power Corporation, 


W. E. Stewart (A’32) formerly assistant 
engineer at Nebraska Wesleyan University, 
Lincoln, is now engineer at radio station 
WOI, Ames, Iowa. 


A. W. Haw.ey (A’30) Winsted, Conn., 
is studying for the degree of electrical engi- 
neer at the Yale Graduate School, New 

_ Haven. 


E. R. RIETHMILLER (A’29) former chief 
engineer, Cardon-Phonocraft Corporation, 
Jackson, Mich., has engaged in consulting 
engineering practice. 


BE. A. SkonBERG (A’30) former sales 
manager, Electric Motor Repair Company, 
Springfield, Mass., is now with the Ekholm 
Corporation, engineers in Boston, Mass. 


H. J. Smart (A’23) of Dalton, Mass., re- 
cently accepted a position in the engineer- 
ing department of the Foxboro Company, 
Foxboro, Mass. 


J. N. HELPBRINGER (F’26) electrical en- 
gineer, Ohio Electric Power Company, 
who was formerly at Sidney is now at 
Marion. 


W. F. Turner (A’25) formerly division 
manager, Wisconsin Power and Light Com- 
pany, Madison, is now resident engineer 
for the company at Fond du Lac. 


F. S. Hrmesrook (A’32) is now an elec- 
trical engineer with the Master Electric 
Company, Dayton, Ohio. 


R. BE. Srvcvair (A’31) Pacific Power and 
Light Company, has been transferred from 
Yakima, Wash., to Toppenish. 


H. E. Mortimer (A’33) Gulf States Utili- 
ties Company, has been transferred from 
Beaumont, Texas, to Port Arthur. 
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E. R. Evans (A’20) Washington, D. C., 
has engaged in professional practice as a 
patent attorney and consulting engineer. 


Obiuary 


KENNETH A. REED (A’19) chief engineer, 
electrical division, Hartford Steam Boiler 
Inspection and Insurance Company, Hart- 
ford, Conn., died March 23, 1935. Mr. 
Reed was born at Gregory, Ark., January 
30, 1883. Following graduation from the 
University of Arkansas with the degree of 
bachelor of electrical engineering in 1907 he 
entered the apprenticeship course of the 
Allis-Chalmers Manufacturing Company at 
Cincinnati, Ohio. The next year he was 
employed in the operating department of 
the Northwest Water and Light Company, 
Yakima, Wash., and in 1910 joined the 
Westinghouse Electric and Manufacturing 
Company in St. Louis, Mo., as an electrical 
engineer. He was engaged in construction 
work until 1917, when he became assistant 
district superintendent. In 1918 Mr. Reed 
accepted the position of maintenance engi- 
neer in the electrical operating division of 
the Interborough Rapid Transit Company, 
New York, N. Y., where he had charge of 
the maintenance of central stations and sub- 
stations. Leaving this position in 1921 and 
joining the Hartford Insurance Company, 
Mr. Reed assisted in the creation of the then 
new insurance of electrical machinery. His 


principal responsibility was the organiza-. 


tion of an inspection service for electrical 
machinery that would minimize prevent- 
able losses, and papers on the subject written 
by him have been published in technical 
journals. At the time of his death Mr. 
Reed was a member of the electrical ma- 
chinery committee of the Institute, on 
which he had served since 1931, and for 
several years he was a member of the elec- 
trical apparatus committee of the National 
Electric Light Association (now Edison 
Electric Institute). 


RupoLtpH MeLvILLE HuNTER (A’86, 
M’87, and member for life) consulting engi- 
neer and expert in patent cases, Philadel- 
phia, Pa., died March 19, 1935. He was 
born at New York, N. Y., June 20, 1856, 
and received a mechanical engineering de- 
gree from Polytechnic College in 1878. In 
1881 he organized an electrical manufactur- 
ing company, and also engaged in practice 
as a consulting engineer and electrical ex- 
pert in patent cases involving infringement. 
Mr. Hunter was a prolific inventor, and 
ranked high among the world’s inventors as 
a holder of patents, licenses for more than 
300 of his inventions having been granted to 
the General Electric Company and the 
Westinghouse Electric and Manufacturing 
Company. Among the achievements cred- 
ited to him may be mentioned a plan placed 
before the British Parliament for an electric 
railway for the proposed tunnel between 
Dover and Calais, 1883; the development of 
a submarine vessel, 1879-81; electric trans- 
former system inventions sold to the West- 
inghouse company, 1886; the design and 


building of the first moving-picture pro- 
jector in the world, 1894; and the organiza- 
tion, in 1889, of the Electric Car Company 
of America, of which he was at one time 
president. He was retained by the Gen- 
eral Electric Company as an engineer and 
patent counsel for 22 years, and for 17 years 
was an acoustics expert for the Victor Talk- 
ing Machine Company. 


Burcu ForAKER (A’07) chairman of the 
board of directors, Michigan Bell Telephone 
Company, Detroit, died March 29, 1935. 
He was born at Hillsboro, Ohio, February 
17, 1872, and studied at Ohio Wesleyan Uni- 
versity and at Cornell University, where he 
was a member of the class of 1895. During 
summer vacation in 1893 he obtained em- 
ployment as an installer with the New York 
Telephone Company, New York, N. Y., and 
decided to continue with that work. He 
later entered the engineering department, 
and from 1907 to 1912 was plant superin- 
tendent in the Brooklyn and Long Island 
areas. Following this Mr. Foraker was 
general superintendent in charge of plant 
construction and maintenance in the Man- 
hattan, Bronx, and Westchester divisions. 
In 1924 he was appointed a general manager 
of the company with headquarters at Al- 
bany, N. Y., and 2 years later he was elected 
president of the Michigan Bell Telephone 
Company, holding this office until October 
1934, when he became chairman of the board 
of directors. Mr. Foraker was a member of 
the Telephone Pioneers of America, and 
served as that organization’s national presi- 
dent in 1980. 


EpGar Fie_p Price (A’95 and member 
for life) vice president, Union Carbide and 
and Carbon Corporation, New York, N. Y., 
died April 15, 1985. He was born at Leaks- 
ville, N. C., in 1873. In 1891 he became 
connected with the Willson Aluminum Com- 
pany, Spray, N. C., and it was here that the 
production of acetylene was noted when 
water contacted a charge withdrawn from 
an electric furnace after an attempt had 
been made to produce aluminum. When 
the Willson company retired from business 
Mr. Price joined the Westinghouse Electric 
and Manufacturing Company, and later he 
became connected with the Union Carbide 
Company, of which he rose to’ the presi- 
dency. In 1917, with the formation of the 
Union Carbide and Carbon Company, he 
became vice president, and was also an 
officer and director of some of the corpora- 
tion’s subsidiaries until his retirement in 
1925. Mr. Price was decorated by the 
King of Norway in recognition of his interest 
in Norway’s natural resources and the de- 
velopment of a water power system. He 
was a member of the Institute’s electro- 
chemistry and electrometallurgy committee 
1914-16. 


James Martin Kent (A’21, M’21) 
teacher and engineer, Kansas City School 
District, Manual Training High School, 
Kansas City, Mo., died March 24, 1935. 
Mr. Kent first joined the Institute in 1900. 
He was born at Kewanee, IIl., October 6, 
1865, and graduated from the University of 
Illinois with the degree of bachelor of science 
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in mechanical engineering in 1885. After 
short periods of employment he went to 
Kansas City in 1886 as superintendent of the 
public lighting plant of Sperry Associate 
Electric Company, and later became chief 
engineer of a private power plant, the instal- 
lation of which he designed and superin- 
tended. In 1897 he accepted a position as 
teacher of steam and electricity and as de- 
signer and operator of the power plant in the 
Manual Training High School. In addition 
to this work he carried on a small practice 
as a consulting electrical and mechanical 
engineer, and during the period 1912-17 was 
president of the Henrici, Kent and Lowry 
Engineering Company, during which time 
he was largely responsible for the design and 
installation superintendence of a number of 
municipal and private plants. Mr. Kent 
was also a member of The American Society 
of Mechanical Engineers, American Society 
of Heating and Ventilating Engineers, In- 
stitute of Radio Engineers, American Chem- 
ical Society, American Electrochemical So- 
ciety, American Association for the Ad- 
vancement of Science, American Forestry 


Association, Society for the Promotion of- 


Engineering Education, National Society 
for the Promotion of Industrial Education, 
National Educational Society, and Missouri 
Society of Mathematics Teachers. 


CHARLES GEORGE ApsiT (A’05, M’09, 
F’13, and past vice president) president, 
Des Moines Railway Company, Des Moines, 
Iowa, died March 27, 1935. He was born 
at Ironton, Ohio, November 1, 1874, and 
studied at the University of Chicago. After 
short periods of employment with engineer- 
ing firms he entered the testing department 
of the General Electric Company at Sche- 
nectady, N. Y., leaving in the next year to 
go to Breckenridge, Colo., taking charge of 
the construction of a hydroelectric plant 
there. During this period he was employed 
by several mining companies, going to Bis- 
bee, Ariz., in 1906 for railway construction. 
In 1911 he was employed by the Georgia 
Railway and Power Company on its devel- 
opment at Tallulah Falls, and  subse- 
quently was concerned with other devel- 
opments of this company and its successor, 
the Georgia Power Company. Mr. Adsit 
resigned as vice president and consulting 
engineer of the company to engage in con- 
sulting engineering in Atlanta, Ga., until 
he became president of the Des Moines 
Railway Company in 1930. He wasa mem- 
ber of the Institute’s finance committee, 
1922-28, and of the power transmission and 
distribution committee 1925-26; represen- 
tative on the American Engineering Coun- 
cil, 1923-26; and a vice president of the 
Institute 1921-23. ~ 


WILFRED THOMAS BIRDSALL (A’23) con- 
sulting engineer and physicist, Montclair, 
N. J., died March 16, 1935. He was first 
elected an associate member of the Institute 
in 1918. Mr. Birdsall was born at Phila- 
delphia, Pa., February 29, 1888. In 1908 
he received the degree of bachelor of arts 
from Amherst Coilege, and in 1910 the de- 
gree of bachelor of science in electrical engi- 
neering from the University of Pennsyl- 
vania. Fora short time in 1910 he was em- 
ployed by the Telluride Power Company, 
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Grace, Idaho, and then entered the West- 
inghouse Lamp Company, Bloomfield, N. J., 
becoming engineer in charge of the mercury 
are rectifier department in 1912. In 1915 
he became engineer in charge of research 
work, and the following year joined C. E. 


. Knoepple and Company, industrial engi- 


neers in New York, N. Y. After overseas 
service he was employed by the Columbia 
Graphophone Manufacturing Company, 
Bridgeport, Conn., becoming general super- 
intendent of the record division in 1920. 
He engaged in private consulting practice 
in 1921, and since then perfected and sold a 
number of inventions, including a type of 
fixed radio detector. 


EpGar ALLEN CERF, JR. (A’27, M’33) as- 
sistant engineer outside plant bureau, 
Brooklyn Edison Company, Brooklyn, 
N. Y., died April 9, 1935, at Welland, Ont., 
Can., as the result of an automobile acci- 
dent. He was born at Atlanta, Ga., March 
5, 1905, and received the degree of bachelor 
of science in electrical engineering from 
Georgia School of Technology in 1925. The 
following year he received the degree of 
master of science in electrical engineering 
from Yale University, and the degree of 
electrical engineer in 1931. Mr. Cerf was 
employed in the electrical construction bu- 
reau of the Brooklyn Edison Company in 
1927, and had been in the outside plant 
bureau since 1928. 


Ernest WHITE (A’31) assistant commer- 
cial engineer, Associated Telephone Com- 
pany, Ltd., Long Beach, Calif., died re- 
cently, according to word received at Insti- 
tute headquarters. He was born at Hunt- 
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ingdonshire, England, January 12, 1901, 
and studied at the University of California, 
receiving the degree of bachelor of science 
in electrical engineering in 1923. Until 
1926 he was employed by the Southern 
California Telephone Company, Los Ange- 
les, leaving at that time for graduate work 
at the University of Southern California. 
For a year he taught in the high school at 
Banning, Calif., and in 1929 entered the em- 
ploy of the Associated Telephone Company, 
where he was engaged in planning and eco- 
nomic studies. 


TorSTEN F. SON HoLMGREN (A’04) con- 
sulting electrical engineer, Stockholm, Swe- . 
den, died in May 1934, according to word 
just received at Institute headquarters. 
He was born at Upland, Sweden, August 1, 
1874, and graduated from the technical uni- 
versity at Stockholm in 1904. During 
1894-97 he was employed by Siemens and 
Halske, Berlin, Germany, and from then until 
1899 by an electric light company in Sweden. 
In 1901 he started practice as a consulting 
electrical engineer in Stockholm, at which 
time he was chief electrical inspector of the 
Swedish board of fire underwriters. 


ALONZO BRACKETT BRADLEY (A’02) fac- 
tory manager, Fibre Conduit Company, 
Orangeburg, N. ¥., died March 2, 19385. 
He was born at Avon, N. Y., January 21, 
1880, and received the degree of electrical 
engineer from Columbia University in 1903. — 
He had held his position with the Fibre Con- 
duit Company since 1920, previous to which 
he had been in various engineering compan- 
ies, including B. F. Wood Engineers, Inc., 
New York, and in private practice as a con- 
sulting engineer. 


Recommended 
for Transfer 


The board of examiners, at its meeting held 
April 24, 1935, recommended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 


To Grade of Fellow 


Cushing, Harvey M., chief engr., Buffalo Gen. 
Elec. Co., Buffalo, N. Y. 

Gaylord, James M., chief E.E., Metropolitan Water 
District of Southern Calif., Los Angeles. 


2 to Grade of Fellow 


To Grade of Member 


Albert, Arthur L., assoc. prof. of elec. engg., Ore 
State College, Corvallis. ai 
Balsbaugh, Jayson C., assist. prof., elec. engg. 
_ dept., Mass. Inst. of Tech., Cambridge. 
Knipmeyer, Clarence C., head, elec. engg. dept., 
Rose Polytechnic Institute, Terre Haute, Ind. 
Poole, Arthur B., E.E., The E. Ingraham Co. 
. ae Conn. ‘ 
mith, Don F., chief engr., Pacific Tel d 
Co., Portland, Ore. ei oe 
Van Ness, Bartow, Jr., E.E., Pa. Water and Pwr. 
_Co., Baltimore, Md. 
ee Uae ep lecturer in elec. engg., Con- 
stantine Technical College, Mid 
= Fos, England,. : secant 
oodyatt, James B., president and gen. man 
oe Canada Pwr. Co. Ltd., Mea NE 
Que. : 


8 to Grade of Member 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the 
national secretary before May 31, 1935, or July 31, 
1935, if the applicant resides outside of the United 
States or Canada. y 


Appleton, W. E., N. Y. & Queens Elec. Lt. & Pwr. 
Co., Flushing, N. Y. 
Benogiony S D., 3951 Gouverneur Ave., Bronx, 


Blake, J. W., Fidelity & Casuality Co. of N. Y., 
Oklahoma City, Okla. 

Brownlee, W.R., Tenn. Elec. Pr. Co., Chattanooga, 

enn. 

Cain, D. C., Texas Elec. Serv. Co., Ft. Worth. 

Castelin, L. P., N. Y. Pwr. & Lt. Corp., Albany. 

Cooper, R. B., Oklahoma Gas & Elec. Co., Seminole. 

D’Ippolito, M., P. O. Box 335, Dedham, Mass. 

Downie, E. G., Gen. Elec. Co., Ft. Wayne, Ind. 

Duehne, H. H. (Member), New York Central RR, 
New York City. 

Ellmaker, H. C. (Member), Freeman Lang Studios, 
Los Angeles, Calif. 

Emmerling, E. J., Union Gas & Elec. Co., Cincin- 
nati, Ohio. 

Fox, J. C. (Member), Virginian Ry., Narrows, Va. 

Gakle, W. F., Kuhlman Elec. Co., Bay City, Mich. 

Graham, W. F., Alabama Public Service Comm., 
Birmingham. 

Hamilton, A. W., 3rd, Pa. RR., Washington, D. C. 
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Hastings, C. C., c/o R. E. Uptegraff Mfg. Co., Pitts- 


burgh, Pa. 
pet. EW ue Ne eae Milwaukee Elec. Ry. & Lt. 
° 


Hoadley, y B., Mass. Inst. of Tech., Cambridge. 
Homer, E. J., Morse Bluff, Neb. 
Howell, A. me Mich, Coll. of Mining & Tech., 
Houghton. 
Hughes, P. H., N. J. Bell Telephone Co., Newark. 
Kelley, F. B., Kansas City Pwr. & Lt. Co., Mo. 
Koziol, R. J., 10 Brick Row, Southbridge, Mass. 


Landis, G. G. (Member) Lincoln Elec. Co., Cleve- 
rd Ohio. 
aoe N . G., Commonwealth Edison Co., Chicago, 


ot H.J., F. A. D. Andrea, Inc., Woodside, 
Boren y ‘Vez, J., Gen. Elec. S. A., Mexico City, 
ex. 

Magann, J. W. (Member) Okla. Gas & Elec. Co., 
Oklahoma City. 

McMynnp, J. D., Consolidated Mining & Smelting 
Co. Erail; B. C., Can. 

cron: oe L., Carborundum Co., Niagara Falls, 


Miller, J. R., Board cf Purchase, N. Y. Cit 

Mothersill, 25) Jose: Polymet of Canada Ltd., 
Hamilton, Ont., Can. 

Novak, L. C., Gen. Elec. Co., Lynn, Mass. 

Paige, E. R., Cornell Univ., Ithaca, N. Y. 

Pound, J. C., U. S. Army Engineers, Portland, 


Ore. 

Redrup, A. F. (Member) 223 S. Washington St., 
Van Wert, Ohio. 

Ricciardi, D., 718 Fairmount Pl., New York, N. Y. 

Savage, C. F., Jr., General Elec. Co., Lynn, Mass. 

Schmidt, A. J., Gen. Elec. Co., Schnectady, N. Y. 

Simpson, H. B., Standard Varnish Works, Elm 

, Park, N. Y. 

Smith, H. K. (Member) Westinghouse Elec. & Mfg. 
Co., Chicago, Ill. 

Smith, W. O., Long Island Ltg. Co., 
Landing, N. Y. 

Stoller, F. E., Cleveland Elec. Illum. Co., Cleveland 
Heights, O. 

Thompson, C. V., 3820 N. 15th St., Phila., Pa. 

Tompkins, G. H. (Member) N. Y. Air Brake Co., 
Watertown, N. Y. 


Glenwood 


Walker, E. T., Jr., Underwriters’ Lab., Boston, 
Mass. 
Wayman, J. So. Calif, Edison Co., Ltd., Los 


Angeles, re 
Wenz, R. C., Byllesby Engg. & Mngt. Corp., 
Chicago, Ill. 
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Foreign 


Alverson, G. D., U.S. Navy, Wailupe, T. H. 

Chakravorty, S., Elec. Supply Co. Ltd., Gorakh- 
pur, India. 

Eeonre: B. N., Renala Hydro Elec. Works, Punjab, 
India. z 

Dolan, H., (Member) English Elec. Co., Stafford, 
E 


ng. 

El-Koshairy, M.A.B., City & Guilds Engg. Coll., 
London, S.W. 7, Eng. 

Halton, G. H. (Member) Steatite & Porcelain 
Products Ltd., Stourport-on-Severn, Eng. 

Obhri, S. R., Murree Elec. Supply Co., Ltd., Lahore, 
India. 

Ranum, H., Cerro de Pasco Copper Corp., Oroya, 
Peru, S. A. 

Sreenivasan, K. (Member) Indian Inst. of Science, 
Bangalore, India. 

Tweedale, A. (Member) 7 Gordon Terrace Black- 
pool, Eng. 


10 Foreign 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute record. 
Any member knowing of corrections to these 
addresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., 
New York, N. Y. 


Dowty, Paul L., 1036 Sheridan Rd., Chicago, III. 
Germenshausen, K. J., M.I.T. Dorm., Cambridge, 


Mass. 

Golikoff, A., Main P. O. Gen. Del., 
U.S.S.R. 

ee cae Raphael A., 500 Riverside Drive, N. Y. 


peeisen: a Fred, 20651/2 W. 30th St., Los Angeles, 

ali 

Hope, Harry M., Belvedere, Calif. 

Houston, Chas. E., 400—10th Ave., S. E., Minne- 
apolis, Minn. 

Phillips, R. M., 20 Garth Rd., Scarsdale, N. Y. 

Rasmussen, David, 423 Hickory St., Ridgway, Pa. 

cues alam L., 203 Greene Ave., Brooklyn, 


Moscow, 


Smedley, A. B., 82 Warner Ave., Hempstead, N. Y. 

Verrier, E. J., Anglo Newfoundland Dev. Co., 
Grand Falls, Newfoundland. 

Watson, J. Connell, 69 Cambridge Terrace, Lon- 
don, W. 2, Eng. 
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New Books 
in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
recently, are the following which have been 
selected because of their possible interest to 
the electrical engineer. Unless otherwise 
specified, books listed have been presented 
gratis by the publishers. The Institute 
assumes no responsibility for statements 
made in the following outlines, information 
for which is taken from the preface of the 
book in question. 


TORSIONAL VIBRATION. W. A. Tuplin. 
N. Y., John Wiley & Sons, 1934. 137 p., illus., 
9x6 in., cloth, $5.50. This book aims to give the 
designer of machines in which torsional vibrations 
are important an understanding of the methods for 
calculating them. The fundamentals of vibration 
theory which are necessary for a complete under- 
standing of practical problems are explained and 
the procedure in actual calculations is set forth in 
detail. No extensive mathematical equipment is 
required of the reader. 


TAXATION des RADIOTELEGRAMMES. 
By Olivier. Paris, Librairie de L’Enseignement 
Technique, 1934. 61 p., 10x7 in., paper, 12 frs. 
This is one of 3 volumes which form a course of in- 
struction in the operation of radio services upon 
ships and aircraft, intended for those preparing for 
this work as operators. The laws governing these 
services, the rates in force, and the duties of the 
operator are covered. 


Great Britain. Department of Scientific and 
Industrial Research, REPORT of the RADIO RE- 
SEARCH BOARD for the period lst January 1932 
to 30th September 1933. London, His Majesty’s 
Stationery Office, 1934. 1387 p., illus., 10x6 in., 
paper, $.80 (British Library of Information, N. Y.). 
Among the topics discussed in this report are: the 
propagation of waves; directional wireless; at- 
mospherics; electron oscillations giving rise to 
centimeter waves; radio-frequency standards; 
electrical measurements at radio frequencies; inter- 
ference and receiver selectivity, the new transmit- 
ting installation at the National Physical Labora- 
tory; time bases for use with the cathode-ray oscil- 
lograph. 


ELECTROLYTES. By H. Falkenhagen, trans- 
lated by R.P. Bell. Oxford (Eng.), Clarendon Press; 
N. Y., Oxford University Press, 1934. 346 p., 
illus, 10x7 in., cloth, $9.50. A systematic, 
comprehensive presentation of the modern theory 
of electrolytes, as developed by Milner and Debye 
and their co-workers. The book is a translation 
of the German original, which appeared in 1932, 
with revisions to include work done since that date. 


EDISON, His Life, His Work, His Genius. By 
W. A. Simonds. Indianapolis and N. Y., Bobbs- 
Merrill Co., 1934. 364 p., illus., 9x6 in., cloth, 
$3.50. The author has carefully studied the col- 
lection of Edisonia at the Edison Institute, visited 
the scenes of Edison’s life and consulted his as- 
sociates widely. The result is an interesting book 
which corrects a number of current errors and 
legends and supplies a picture of the man and 
his work, 


ELEKTRISCHE GASENTLADUNGEN, Ihre 
Physik und Technik. Bd. 2. Entladungseigen- 
schaften technische Anwendungen. By A. v. 
Engel and M. Steenbeck. Berlin, J. Springer, 1934, 
352 p., illus., 9x6 in., cloth, 33.50 rm. This is 
the second and final volume of a comprehensive 
review of the subject, the first volume of which ap- 
peared in 1932. The present instalment discusses 
the properties of the various forms of discharges 
that actually occur, together with their practical 
uses, 


HANDBOOK of CHEMISTRY and PHYSICS, 
19th ed. Ed. by C. D. Hodgman. Cleveland, 
Ohio, Chemical Rubber Pub. Co., 1934. 1933 p., 
tables, 7x5 in., lea., $6.00. Acollection of tables, 
formulas, and other data frequently needed _by 
chemists, physicists, and engineers. Fifteen im- 
portant tables have been revised and 18 new ones 
added, among them one giving X-ray crystallo- 
graphic data for about 1,300 elements and com- 
pounds, 


HYDRAULICS. By E. W. Schoder and F. M. 
Dawson. 2 ed. N. Y. and Lond., McGraw-Hill 
Book Co., 1934. 429 p., illus., 9x6 in., cloth, 
$3.50. This is intended as a basic course in the 
hydraulics of engineering which will serve both as 
an introduction to specialized studies and a text 
and reference book. The physical phenomena of 
hydraulics are described, fundamentals are devel- 
oped into useful formulas, and numerous examples 
of the analysis and solution of typical practical 
problems are given. 

INTRODUCTION to MECHANICS and 
HEAT. By N. H. Frank. N. Y. and London, 
McGraw-Hill Book Co., 1934. 339 p., diagrs, 9x6 
in., cloth, $3.00. This text represents the basic 
elementary course required at M.I.T. The course 
is intended to lay a thorough quantitative founda- 
tion, by a logical unified treatment of mechanics, 
acoustics, and heat, which will teach the student to 
appreciate and utilize fundamental and general 
methods of attack on problems in all branches of 
physics. 


DIESEL ENGINEERING HANDBOOK (for- 
merly the Diesel Power Plant Handbook). 7 ed. 
edited by L. H. Morrison and T. A. Burdick. 
N. Y., Business Journals, Inc., 1934. 320 p., 
illus., 12x9 in., lea., $5.00. A compendium of 
miscellaneous information upon the diesel engine 
and its uses. The basic principles are discussed, 
data are given on production and economics and 
modern designs are described. A chapter is de- 
voted to super charging and scavenging, and an- 
other to lubricants and fuels. Oil purification is 
discussed. Other chapters consider plant plan- 
ning, water cooling systems, diesel- electric stations, 
operation, maintenance, uses in transportation, 
etc. A catalog section closes the volume. 


INTRODUCTION TO QUANTUM THEORY. 
By G. Temple. N. Y., D. Van Nostrand, 1934. 
196 p., diagrs., 9x6 in., cloth, $3.75. Being in- 
tended as an introduction, the present book is 
more concerned with the historical and philosophical 
matrix of the theory than with the theory itself. 
It includes an account of the principle of duality 
and its implications in electromagnetic theory, 
the field theory of matter, quantum algebra, matrix 
mechanics, the relativistic wave equation, and the 
spinning electron. 


PRACTICE of ABSORPTION SPECTRO- 
PHOTOMETRY with HILGERINSTRUMENTS. 
By F. Twyman and C. B. Allsopp. 2 ed. Lond., 
Adam Hilger, 1934. 140 p., illus., 10x6 in., 
cloth, 12s 6d. A guide for those commencing 
spectrophotometric work of extending it into un- 
familiar fields. It introduces the theory of absorp- 
tion spectra and describes various typical applica- 
tions of absorption spectrophotometry, and dis- 
cusses technique, including an account of the in- 
struments developed by the publishers. 


RIVETING and ARC WELDING in SHIP 
CONSTRUCTION. by H. E. Rossell. N. Y., 
Chicago, and San Francisco, Simmons-Boardman 
Pub. Co., 1934. 210 p., illus., 8x5 in., cloth, 
$2.25. The author discusses riveted and arc-welded 
joints from both the practical and theoretical points 
of view, with special reference to ship design and 
construction. 


Engineering Societies Library 
99 West 39th Street, New York, N. Y. 


AINTAINED as a public reference library 

of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and en 
inquiry to the director of the library will bring 
information concerning them. ; 
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Divclarctrral Notes 


General Electric Sales Rise.—Sales billed 
by the General Electric Company for the 
first quarter of 1935 amounted to $40,393,- 
538, compared with $34,935,551 for the 
same quarter a year ago, an increase of 16%, 
President Gerard Swope announced to 
stockholders of the company at their annual 
meeting on April 16. Orders received 
during the first three months this year 
totaled $49,379,932, compared with $38,- 
148,654 for the same period of 1934, an 
increase of 29%. 


Large U.S. Navy Order to Westinghouse.— 
According to a recent announcement, the 
Westinghouse Electric & Mfg. Co. has 
received a contract from the United States 
Navy Department amounting to approxi- 
mately $1,750,000 for electrical equipment 
for eighteen 1500-ton destroyers. This 
apparatus consists of turbo-generator sets, 
regulators and switchboards which are to 
be installed in these new vessels now under 
construction. The equipment will be 
manufactured at Westinghouse plants in 
East Pittsburgh, South Philadelphia and 
Newark, N. J. 


Heaviest Single-Car Shipment.—What is 
believed to be the heaviest single-car ship- 
ment ever made left the Schenectady Works 
of the General Electric Co. recently for its 
destination at the Potomac Electric Light & 
Power Co., at Bennings, D. C. The load 
consisted of a generator shaft, rotor and 
poles for a 25,000-kw frequency converter 
set, with a total weiglit of 367,000 pounds. 
The converter will be used to deliver 25- 
cycle single-phase power to the Pennsyl- 
vania Railroad. The freight car employed 
has a carrying capacity of 200 tons and 
alone weighs over 52 tons. 


A New Electrical Equipment Sales Agency. 
—Announcement has been made of the 
formation of a new company, the Harris- 
Green Co., with headquarters in the Farm- 
ers Bank Building, Pittsburgh, for the sale 
of motors, control apparatus, transformers, 
line material, power factor corrective de- 
vices and similar materials used by public 
utilities, industrial and commercial es- 
tablishments. The new.firm is composed of 
G. N. Harris, with the Pittsburgh sales 
office of Westinghouse since 1929; J. G. 
Green, who was manager of the Westing- 
house general industrial and resale sections 
at Pittsburgh; and Henry Harris, who or- 
ganized and managed the United Electric 
Light Co., at Wilmerding, Pa., up to the 
time of its purchase by the Duquesne Light 
Co., in 1927, at which time he retired from 
active business. 


Large Steel Mill Order to General Elec- 
tric—Included in an order amounting to 
more than $1,250,000 for new electric 
equipment to be furnished and completely 
installed by the General Electric Company 
at the Lackawanna plant of the Bethlehem 
Steel Company, are 7 d-c motors totaling 
22,500 horsepower for driving the finishing 
end of Bethlehem’s new continuous hot 
strip mill—one of the world’s largest. This 
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finishing end drive will consist of two 4500- 
hp and three 3500-hp motors, and one each 
of 2500-hp and 500-hp ratings. In addi- 
tion, the order includes two 3-unit, 6000-kw 
motor-generator sets to supply power for 
the above motors; one 3-unit, 6000-kw 
motor-generator set to supply power to the 
drives of two tandem cold strip mills; the 
most modern ventilating system yet used in 
a steel mill motor room; and complete 
switchgear and control equipment for the 
preceding apparatus, including 19 metal-clad 
oil circuit breakers each with an interrupt- 
ing capacity of one-half million kilovolt- 
amperes. 


A New, Light Utility Truck.—The Four 
Wheel Drive Auto Company, of Clinton- 
ville, Wis., has introduced its new model 
HS into the line construction and utility 
field. This is of 11/.-ton capacity with the 
usual traction of four driving wheels. 
There are 46 lockers in the body to provide 
handy storage for all necessary tools and 
equipment. All compartments are covered 
by heavy doors and are weatherproof. 
The HS is powered with an 84-hp engine, 
and has four speeds forward and one reverse. 


Neale Literature 


Disconnecting Switches.—Bulletin 44. De- 
scribes outdoor, hook-operated disconnect- 
ing switches in ratings from 7500 to 69,000 
volts. Pacific Electric Mfg. Corp., 5815 
Third St., San Francisco, Calif. 


Lightning Arresters.—Bulletin, 16 pp. 
Describes L-M valve-type, lightning ar- 
resters, types A, B, C, for the protection of 
distribution transformers, up to 15,000 
volts. Line Material Co., South Milwau- 
kee, Wis. 


Metallic Zinc Powder. Bulletin, 16 pp. 
Describes the advantages of zinc dust paint 
as a primer and finishing coat for iron, steel 
and galvanized surfaces. Industrial appli- 
cations, including several on _ electrical 
equipment, are illustrated. The New Jer- 
sey Zinc Co., 160 Front St., New York. 


Armature Winding Machine.— Bulletin 201. 
Describes. type 20 automotive generator 
armature winding machines. This equip- 
ment is largely automatic and is devised for 
large production numbers. The operator’s 
skill is said to be a negligible factor in the 
operation of these machines. P. E. Chap- 
man Electrical Works, 1820 Chouteau Ave., 
St. Louis, Mo. 


Oil Aging Test Apparatus.—-Bulletin, 4 pp. 
Describes the “Oxydator,”’ an apparatus for 
determining the oxidability of lubricating 
and transformer oils, insulating compounds 
and varnishes, paints, etc., and indicating 
accurately their resistance to aging, to de- 
terioration and life expectancy. Herman 
A. Holz, 167 East 33rd St., New York. 


Wires & Cables. Bulletin LS-1, 4 pp., on) 
the Vacuum Process Lead Sheath; Bulletin | 
UC-1, 12 pp., on Non-Metallic and Metallic 
Armored Cables for direct earth installation, , 
covering four general types—Trenchlay ° 
(non-metallic armored); Steel Taped Park- 
way (metallic armored); Lead Sheathed, 
with an outer covering of jute or saturated 
duck tape; Series Street Lighting (‘‘Thio- 
kol” sheathed). Bulletin WP-1, 4 pp., on 
Peerless Weatherproof Wires and Cables. 
Photographs illustrate specimens of this 
type of wire after 13 to 24 years of service. 
General Cable Corp., 420 Lexington Ave., 
New York. 


Oil Fuse Cutouts.—Bulletin FC. De- 
scribes type ‘‘FC”’ subway oil fuse cutouts, 
available in two sizes for 2500 volts, 100 
amperes, and 5000 volts, 200 amperes. A 
closed expansion chamber is used so that 
the cutouts are suitable for all subway 
installations and for locations exposed to 
corrosive fumes, explosive gases, salt air and 
inflammable dust.. The larger size cutout 
clears 25,000 kva in !/. cycle using modern 
accepted principles of are quenching. Unit 
detachable sealed type potheads provide 
complete protection to the cable ends. 
The potheads are located on the bottom of 
the tank. This feature eliminates sharp 
bends of cable within the tank thus avoiding 
trouble due to surges. A comparatively 
narrow width of tank also results in less wall 
space being required. G&W Electric 
Specialty Co., 7780 Dante Ave., Chicago, Ill. 


New General Radio Catalog.—‘‘H,”’ 188 pp. 
A comprehensive presentation of a wide 
line, including resistors, condensers, induc- 
tors, frequency and time-measuring devices, 
oscillators, amplifiers, bridges and acces- 
soties, standard-signal generators, oscillo- 
graphs, cameras and analyzers, meters, 
power supplies, ete. A section on industrial 
devices appears in the catalog for the first 
time. Recognizing the fact that the appli- 
cation of electronic apparatus and tech- 
nique, once confined to the communications 
industry, has rapidly invaded other fields, 
the company has extended its development 
program somewhat beyond the limits of the 
communication phase to include more 
general applications of electrical measure- 
ments. The instruments described in this 
section are the first result of this program. 
General Radio Co., Cambridge, Mass. 


Voltage Regulation.—The Eight-Point Plan 
for Profitable Voltage Regulation. Con- 
sists of 9 bulletins and represents a compre- 
hensive outline of voltage regulation for 
every vital point on a power system, from 
generator to consumer which, though long 
desired, was not previously economically 
justified. The devices described in this 
plan will provide efficient regulation at low 
first cost. The bulletins are numbered and 
titled as follows: GEA-2029- Generator- 
voltage Regulators; GEA-2054- Station- 
type Induction Voltage Regulators; GEA- 
2018A-Branch-feeder Induction Voltage 
Regulators; GEA - 2038A - Branch - feeder 
Step Voltage Regulators; GEA-2036A- 
Branch-feeder Step Voltage Boosters; GEA- 
1577B- Step Voltage Regulators for Higher- 
voltage Circuits; GEA-2055- Series Ca- 
pacitors for Reducing Lamp Flicker; GEA- 


1971A- Autotransformers for Reducing 
Lamp Flicker. General Electric Co., Sche- 
nectady, N. Y. 
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